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ANAPHYLACTIC SHOCK IN EGG-SENSITIVE INDIVIDUALS 
FOLLOWING VACCINATION WITH TYPHUS VACCINE 


A Stupy oF THE ANTIGENIC RELATIONSHIP OF EGG AND 
CHICKEN Meat ANTIGENS AND TYPHUS VACCINE 


STANLEY F. Hampton, M.D.* 
St. Louts, Mo. 


— the fall of 1942, typhus vaccine prepared on chick egg yolk saes has 
been used rather extensively in Army personnel as an immunizing agent 
against epidemic typhus fever. 

Sultzberger and Asher,’ in 1942, reported three cases suggesting serum 
sickness syndrome including urticaria following vaccination with yellow fever 
vaccine, a chick embryo preparation. Swartz? reported a case of severe econ- 
stitutional reaction manifested by urticaria, asthma, and collapse, immediately 
following an injection of yellow fever vaccine. The serum of this patient was 
positive in passive transfer to multiple allergens, including egg white and 
chicken meat as well as the typhus vaccine. Selman® reported a case of eosino- 
philia of 78 per cent in the cerebrospinal fluid attributed to typhus vaccine given 
six days previously. Roth* reported nine cases of various allergic manifesta- 
tions, including urticaria, asthma, and gastrointestinal symptoms developing 
immediately following an injection of typhus vaccine. One of these nine case 
reports cited is typical of anaphylactie shock and is quite similar to the cases 
reported in this paper. Raynolds> emphasized the value of obtaining a history 
of egg sensitivity in all candidates for chick embryo vaccine inoculations. 
Sprague and Barnard® reported two cases of immediate constitutional reactions, 
one following an injection of yellow fever vaccine and the other following an 
injection of typhus vaccine. 

Plotz, Coulson and Stevens, and Stull (joint investigation)’ by extensive 
and complete studies showed that vaccines prepared from embryonic tissues 
of developing chicks were allergenic and anaphylactogenie. Plotz’ found that 
eleven of 150 subjects injected with typhus vaccine became skin sensitive by 
test with the vaccine and/or extracts of egg white and egg yolk containing 
0.01 mg. nitrogen per cubie centimeter. Coulson and Stevens,’ using the Schultz- 
Dale test, showed that typhus and encephalomyelitis vaccines were capable 
of fatally sensitizing guinea pigs and that the principal antigenie constituents 
of these vaccines were identifiable with antigens of egg white and egg yolk. 
These showed further, by precipitin tests, that 12 per cent of the protein nitro- 
gen of typhus vaccine was attributed to erystallizable ovalbumin and concluded 


From the Allergy Department, Army Air Forces Regional and Convalescent Hospital, 
San Antonio, Texas, 


Since this paper was submitted, Rubin has reported a case of angioneurotie edema due 
to inoculation with typhus vaccine (J. Allergy 17: 21, 1946). 


Received for publication, Nov. 21, 1946. 
*Formerly Lieutenant Colonel, Medical Corps, Army of the United States. 
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from this that antigens of egg white, other than ovalbumin, were largely 
responsible for the sensitizing potency of the vaccine. Stull,’ using cross- 
neutralization experiments in passive transfer of egg-sensitive sera, showed the 
presence of egg white and egg yolk antigens in typhus vaccine in such quan- 
tities and specificity that typhus vaccine might produce dangerous systemic 
reactions in egg-sensitive individuals. 

Since July, 1944, the immunization routine with typhus vaccine has been 
two injections of 1 ¢.c. each at an interval of seven to ten days. <A total of 
16,838 injections of typhus vaccine were administered to 8,419 military per- 
sonnel at this post between Aug. 1, 1944, and Aug. 1, 1945. One anaphylactic 
reaction occurred in this group. The present article is a report of this case 
and an additional similar ease admitted to this hospital from another Army 
post, following such a reaction and a study of the antigen-antibody relationship 
by means of neutralization in passive transfer tests (Prausnitz-Kiistner reaction ) 
of the sera of the two patients. 

CASE REPORTS 

CASE 1.—T. G., a 20-year-old soldier with a negative family history of allergic disease, 
gave a history of nausea and vomiting from ingestion of egg and chicken since infancy, the 
symptoms lasting thirty to sixty minutes. There was no history of diarrhea, urticaria, asthma, 
or rhinitis. 

In December, 1944, this individual was given initial subcutaneous injections of typhus 
(1 ¢.c.) and cholera vaccines (0.5 ¢.c.) at another Army post. Within five minutes, he became 
extremely dyspneic and cyanotic and collapsed (fifteen minutes after the injection). The 
pulse was not perceptible and the heart sounds could not be heard. Epinephrine was ad- 
ministered at intervals of a few minutes for a total dosage of 1.5 cubic centimeters. Amino- 
phyllin was administered intravenously and oxygen inhalation was given continuously for 


TABLE I. PASSIVE TRANSFER TESTS WITH SERUM OF PATIENT (T. G., CASE 1) WHO DEVELOPED 
ANAPHYLACTIC SHOCK FOLLOWING SUBCUTANEOUS INJECTION OF 1 C.c. OF TYPHUS VACCINE; 
SERUM SITES PREPARED WITH 0.1 c.c. OF SERUM AND TESTED 48 Hours LATER 








STRENGTH _ 








SERUM DILUTIONS TEST ANTIGEN (PNU PER, C.C.) REACTION 
Cone. Typhus vaccine 100 t+++ 
1:10 Typhus vaccine 100 +++ 
1:100 Typhus vaccine 100 +4 
1:1000 Typhus vaccine 100 + 
1:10,000 Typhus vaccine 100 0 
1:100,000 Typhus vaccine 100 0 
Cone. Egg white 100 t+++ 
1:10 Egg white 100 $44 
1:100 Egg white 100 ++ 
1:1000 Egg white 100 4 
1:10,000 Egg white 100 0 
1:100,000 Egg white 100 0 
Cone. Egg yolk 100 44 
1:10 E8g yolk 100 ++4 
1:100 Egg volk 100 ++ 
1:1000 Egg yolk 100 + 
1:10,000 Egg yolk 100 0 
1:100,000 Egg yolk 100 0 
Cone. Chicken meat 100 oon 
1:10 Chicken meat 100 +++ 
1:100 Chicken meat 100 ++ 
1:1000 Chicken meat 100 + 
1:10,000 Chicken meat 100 0 


1:1,000,000 Chicken meat 100 0 
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TABLE II. NEUTRALIZATION EXPERIMENTS IN PASSIVE TRANSFER (SERUM OF PATIENT T. G.)— 
SERUM-ANTIGEN MIXTURE SITES (0.1 C.c.) PREPARED AND TESTED 48 Hours LATER 
With 0.025 c.c. TypHUS VACCINE AND Extracts or Ecc Wuitz, Eaa Youk, 

AND CHICKEN MEAT CONTAINING 100 PNU PER c.c.; ALL TESTS 
CARRIED OUT IN SAME SKIN RECIPIENT AT SAME TIME 





SERUM-ANTIGEN. STRENGTH ‘TEST ANTIGEN 














MIXTURES (pxv PER C.C.) (PNU PER C.C.) REACTION 
Serum 1:10 and egg 100 Typhus vaccine ++ 
white 1,000 Typhus vaccine +- 
100 Egg white 0 
1,000 Egg white 0 
100 Egg yolk ++ 
1,000 Egg yolk ++ 
100 Chicken meat 0 
1,000 Chicken meat 0 
Serum 1:10 and egg yolk 100 Typhus vaccine +++ 
1,000 l'yphus vaccine ++ 
100 Ee white +++ 
1,000 Egg white ++ 
100 Egg yolk + 
1,000 Egg yolk 0 
100 ‘hicken meat - 
1,000 ‘hicken meat 0 
Serum 1:10 and chicken 100 Typhus vaccine Ba a 
meat 1,000 Typhus vaccine +++ 
100 Egg white +++ 
1,000 Ege white +++ 
100 Egg yolk ++ 
1,000 Egg yolk + 
100 Chicken meat + 
1,000 Chicken meat 0 
Serum 1:10 and typhus 100 Typhus vaccine 0 
vaccine 1,000 Typhus vaccine 0 
100 Egg white ++ 
1,000 Egg white = 
100 E 188 yolk 0 
1,000 Ke y yolk 0 
100 C se ha meat 0 
1,000 Chicken meat 0 
Serum 1:10 and saline Typhus vaccine =e oGrk 
Hee white +e 
Egg yolk ++ 
Chicken meat ++ 








two days. Twenty-four hours after the onset, generalized urticaria developed. All symptoms 
and signs subsided forty-eight hours later. The patient was admitted to this hospital for 
study. 

Intradermal skin tests showed marked reactions (pseudopodia) with extracts of egg 
white, egg yolk, and chicken meat containing 100 PNU* per cubic centimeter and typhus 
vaccine diluted one thousand times. Tests with egg white extracts in strengths of 1 and 10 
PNU per cubic centimeter showed slight and moderate reactions, respectively, without pseudo- 
podia. Skin tests with extracts of thirty-five other common pollens, inhalants, and foods were 
negative. Skin tests with cholera vaccine in a 1:10 dilution was negative (immediate and 
delayed). 

-assive transfer studies showed this patient’s serum to be positive to extracts of egg 
white, egg yolk, chicken meat, and typhus vaccine even in 1:1000 dilution of the sera (Table 
1). Cross eoutneinntion tests, using the passive transfer technique with egg and chicken 
antigens, are shown in Table II, 





*PNU, Protein nitrogen unit, 0.00001 mg. of phosphotungstic acid precipitable nitrogen. 
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CASE 2.—C. J., a 23-year-old soldier with a negative family history of allergic disease, 
gave a lifelong history of abdominal cramps, nausea, and vomiting five to ten minutes after 
ingestion of egg, including food containing small quantities of egg, such as pastries, custards, 
and mayonnaise. During the past five years, he has had wheezing and dyspnea occasionally 
associated with the gastrointestinal symptoms following ingestion of egg. He could eat 
chicken with impunity. 

In May, 1945, ten minutes after receiving subcutaneous injections of typhus (1 c.c.) 
and cholera (0.5 ¢.c.) vaccines, the patient developed a generalized tingling sensation, nausea, 
vomiting, and dyspnea, and collapsed in fifteen minutes. Generalized urticaria and edema 
of lips, eyelids, hands, and feet ensued. The radial pulse was not perceptible and the heart 
sounds were rapid and only faintly heard. The blood pressure was 70 to 100 systolic over 
0 to 60 diastolic, the skin was cold, and the patient was in obvious shock, There were no 
auscultatory asthmatic signs. 

Epinephrine (0.5 ¢.c.) was administered immediately and the patient was wrapped in 
blankets. Hot water bottles were applied. Five hundred cubic centimeters of blood plasma, 
containing 0.5 c.c. of epinephrine, were given intravenously and this was repeated. The 
patient’s skin became warm and the severe shock subsided after 250 c.c. of plasma were ad- 
ministered, but the blood pressure remained low and nausea, vomiting, and abdominal pain 
continued for eighteen hours. The urticaria lasted two days. 

A written description of this patient’s experience is as follows: ‘‘I received an in- 
jection of typhus and cholera at the immunization unit on this post at 1400. After approxi- 
mately ten minutes, I began to have a choking sensation in my throat and a definite wheezing 
in my chest. There was a tingling, stinging sensation around the hairline of my head, hands, 
and feet. My first thought was that I was overheated from the sun. After reaching a shady 
place, the reaction was no different except that I knew I was getting worse. My feet stung 
so badly I couldn’t stand on them. I couldn’t get my breath. I could feel my face and hands 
begin to swell. I ran to the nearest dispensary which was about two and one-half blocks away. 
I was having terrific abdominal cramps. I vomited three times as they put me on a stretcher 
and brought me to the observation ward of the hospital in an ambulance. I had to sit up to 


TaBLE III. PassivE TRANSFER TESTS WITH SERUM OF PATIENT (C. J., CASE 2) WHO DE- 
VELOPED ANAPHYLACTIC SHOCK FOLLOWING SUBCUTANEOUS INJECTION OF 1 C.c. OF TYPHUS 
VaccINE; SERUM SITES PREPARED WITH 0.1 C.c. OF SERUM AND TESTED 48 Hours LATER 














STRENGTH 
SERUM DILUTIONS TEST ANTIGEN (PNU PER C.C.) REACTION 
Cone. Typhus vaccine 100 tt 
1:10 Typhus vaccine 100 are oo 
1:100 Typhus vaccine 100 oe § 
1:1000 Typhus vaccine 100 0 
1:10,000 Typhus vaccine 100 0 
1:100,000 Typhus vaccine 100 0 
Conc. Egg white 100 5 a a 
1:10 Egg white 100 +++ 
1:100 Egg white 100 ++ 
1:1000 Egg white 100 0 
1:10,000 Egg white 100 0 
1:100,000 Egg white 100 0 
Conc. Egg yolk 100 +++ 
1:10 Egg yolk 100 ++ 
1:100 Egg yolk 100 rs 
1:1000 Egg yolk 100 0 
1:10,000 Egg yolk 100 0 
1:100,000 Egg yolk 100 0 
Conc. Chicken meat 100 +++ 
1:10 Chicken meat 100 ++ 
1:100 Chicken meat 100 i 
1:1000 Chicken meat 100 0 
1:10,000 Chicken meat 100 0 
1:100,000 Chicken meat 100 0 
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TABLE IV, NEUTRALIZATION EXPERIMENTS IN PASSIVE TRANSFER (SERUM OF PATIENT C. J.)—— 
SERUM-ANTIGEN MIXTURE SITES (0.1 C.c.) PREPARED AND TESTED 48 Hours LATER 
Wirt 0.025 c.c. TYPHUS VACCINE AND Extracts OF EcG WHITE, Eaa@ YOLK, 

AND CHICKEN MEAT CONTAINING 100 PNU Per c.c.; ALL TESTS 
CARRIED OUT IN SAME SKIN RECIPIENT AT SAME TIME 














SERUM-ANTIGEN STRENGTH TEST ANTIGEN 

MIXTURES (PNU PER C.C.) (PNU PER C.C.) REACTION 

Serum 1:10 and egg 10 Typhus vaccine ++ 

white 100 Typhus vaccine wae 

1,000 Typhus vaccine 0 

10 Egg white +- 

100 Egg white 0 

1,000 Ege white 0 

10 Egg yolk + 

100 Egg yolk +— 

1,000 Egg yolk 0 

10 Chicken meat + 

100 Chicken meat 0 

1,000 Chicken meat 0 

Serum 1:10 and egg 10 Typhus vaccine ++ 

yolk 100 Typhus vaccine + 

1,000 Typhus vaccine se 

10 Egg white ++ 

100 Egg white + 

1,000 Egg white +- 

10 Egg yolk + 

100 Egg yolk 0 

1,000 Egg yolk 0 

10 Chicken meat + 

100 Chicken meat +- 

1,000 Chicken meat 0 

Serum 1:10 and 10 Typhus vaccine tb 

chicken meat 100 Typhus vaccine +4 

1,000 Typhus vaccine 4 

10 Egg white + 

100 Egg white +- 

1,000 Egg white 0 

10 Egg yolk 4. 

100 Egg yolk 0 

1,000 Egg yolk 0 

10 Chicken meat f 

100 Chicken meat 0 

1,000 Chicken meat 0 

Serum 1:10 and typhus 10 Typhus vaccine + 

vaccine 100 Typhus vaccine 0 

1,000 Typhus vaccine 0 

10 Egg white ++ 

100 Egg white + 

1,000 Egg white 0 

10 Egg yolk +- 

100 Egg yolk 0 

1,000 Egg yolk 0 

10 Chicken meat +— 

100 Chicken meat 0 

1,000 Chicken meat 0 

Serum 1:10 and saline Typhus vaccine +++ 

Egg white +++ 

Egg yolk ++ 


Chicken meat ++ 
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get my breath. I fought an oxygen mask. I vomited time after time. My face, hands, and 
feet became swollen and my feet ached. I was still having a lot of trouble with breathing.’’ 

Intradermal skin tests showed marked reactions (pseudopodia) with extracts of egg 
white, egg yolk, and chicken meat containing 100 PNU per cubie centimeter and typhus 
vaccine diluted one hundred times. Skin tests with extracts of thirty-five common pollens, 
inhalants, and foods, in strength of 10,000 PNU per cubic centimeter, were negative. Skin 
test with cholera vaccine in 1:10 dilution was negative (immediate and delayed reactions). 

Passive transfer studies showed this patient’s serum to be positive to extracts of egg 
white, egg yolk, chicken meat, and typhus vaccine in 1:100 dilutions of the serum (Table IIT). 
Cross neutralization tests, using the passive transfer technique with extracts of egg white, egg 


yolk, chicken meat, and typhus vaccine, are shown in Table IV. | 
NEUTRALIZATION EXPERIMENTS IN PASSIVE TRANSFER 

Neutralization tests in passive transfer were carried out with the sera 
of the two patients (Cases T. G. and C. J.) presented. Dilutions of 1:10 of 
each serum were prepared with normal saline. The diluted sera were mixed 
with equal quantities of typhus vaccine and extracts of egg white, egg yolk, 
and chicken meat in varying strengths. Skin sites were prepared with 0.1 ¢.c. 
of each mixture in a recipient reacting negatively to test with the most concen- 
trated form of each material used. The serum-antigen mixture skin sites 
were tested forty-eight hours later with typhus vaccine and with extracts of 
egg white, egg yolk, and chicken meat containing 100 PNU per eubie centimeter 
(Tables II and IV). 

The serum of one patient (T. G. Case 1) was significantly neutralized to 
test with typhus vaccine by extracts of egg white, only negatively by extracts 
of egg yolk and not at all by extract of chicken meat in the strength of ex- 
tracts used. Typhus vaccine, on the other hand, neutralized completely to test 
with extracts of egg yolk and chicken meat but only partially to the extract of 
egg white. Egg white and egg yolk neutralized to test with each other only 
negligibly. Egg white and egg yolk completely neutralized to test with 
chicken meat, although it required a strength of 1,000 PNU per cubie centimeter 
in the case of egg yolk. Chicken meat failed to neutralize significantly to test 
with either egg white or egg yolk (Table II). The experiment with serum 
of this patient was repeated using another skin recipient, and essentially the 
same results were obtained. 

The serum of another patient (C. J., Case 2) was significantly neutralized 
by the respective antigens similarly as in the case of serum of patient T. G., 
except that less concentration of antigens was needed to neutralize the serum 
(Table IV). In addition, egg yolk and chicken meat, although failing to neu- 
tralize completely to test with typhus vaccine, did show definite neutralizing 
qualities, more so than in the experiments with serum of patient T. G. <A 
greater tendency toward cross neutralization by the egg white, egg yolk, and 
chicken meat was noted with serum of patient C. J. than with that of patient 
T. G. (Tables Il and IV). The experiment with serum of patient C. J. was 
repeated twice, using different skin recipients, and essentially the same results 
were obtained. 

The fact that each antigen neutralized to test with itself indicated that 
the strength of extracts used in the experiments were in proper range. 








%, 
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EXHAUSTION NEUTRALIZATION TESTS IN PASSIVE TRANSFER 


At the time the two sera were retested in determining the quantity of 
skin-sensitizing antibody contained therein (the dilution at which the serum no 
longer reacted in passive transfer), serum sites were prepared with 1:100 and 
1:1000 dilutions of each serum. It was confirmed that serum of patient T. G. 
was positive in the 1:1000 dilutions, whereas, serum of patient C. J. was 
positive in the 1:100 but negative in the 1:1000 dilutions when tested with egg 
white, egg yolk, chicken meat, and typhus vaccine. 

These prepared serum sites were retested at one- or two-day intervals with 
the original testing antigen until no reaction oceurred. The sites were then 


TABLE V. EXHAUSTION NEUTRALIZATION TESTS IN PASSIVE TRANSFER (SERUM OF PATIENT 
T. G.)—SKIN SITES PREPARED WITH 0.1 ¢.c. SERUM; ALL TESTS MADE 
W1TH EXTRACT CONTAINING 100 PNU PER c.c. 























10/11/45 10/12/45 10/13/45 10/15/45 10/16/45 
SERUM TEST | TEST TEST TEST | 
DILUTIONS “ANTIGEN | REACTION| ANTIGEN |REACTION| ANTIGEN | REACTION | ANTIGEN | REACTION 
1:100 Chicken Chicken Chieken 0 Typhus + 
meat meat meat vaccine 
1:1000 Chicken Chicken 0 Chicken 0 Typhus 0 
meat meat meat vaccine 
1:100 Ege + 4 Egg 0 Typhus +— 
white white vaccine 
1:1000 Eeg } Ege 0 Typhus 0 
white white vaccine 
1:100 Egg yolk +4 Egg yolk + Egg yolk 0 Typhus + 
vaccine 
1:1000 Egg yolk ! Egg yolk +- Egg yolk 0 Typhus 0 
vaccine 
1:100 Typhus + 4 Typhus + Typhus 0 Egg 
vaccine vaccine vaccine white 
1:1000 Typhus { Typhus 0 Typhus 0 Egg 0 
vaccine vaceine vaccine white 








TABLE VI. EXHAUSTION NEUTRALIZATION TESTS IN PASSIVE TRANSFER (SERUM OF PATIENT 
C. J.) —SKIN SITES PREPARED WITH 0.1 c.c. SERUM; ALL TESTS MADE 
WiTH EXTRACT CONTAINING 100 PNU Pker c.c. 





























40/11/45 | ~~ ~=—:10/12/45 Ss 10/13/45 10/15/45 10/16/45 
SERUM TEST TEST | TEST | TEST | 
DILUTIONS ANTIGEN |REACTION | ANTIGEN |REACTION | ANTIGEN |REACTION | ANTIGEN |REACTION 
1:100 Chicken + Chicken + — Chicken 0 Typhus 0 
meat meat meat vaccine 
1:1000 Chicken 0 Chicken 0 Chicken 0 Typhus 0 
meat meat meat vaccine 
1:100 ee +4 Eg +-— Eg 0 Typhus +- 
white white white vaccine 
1:1000 Neg 0 Egg 0 Egg 0 Typhus 0 
white white white vaccine 
1:100 Egg yolk ++ Egg yolk = Egg yolk 0 Typhus 0 
vaccine 
1:1000 Egg yolk 0 Egg yolk 0 Egg yolk 0 Typhus 0 
vaccine 
1:100 Typhus +4 Typhus + Typhus 0 Egg yolk 0 
vaccine vaccine vaccine 
1:1000 Typhus 0 Typhus 0 Typhus 0 Egg yolk 0 


vaccine vaccine vaccine 
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tested with typhus vaccine. Extracts of egg white and egg yolk were used 
when typhus vaccine was the original testing antigen. 

In the case of serum of patient T. G., typhus vaccine induced a slightly 
positive reaction after the 1:100 dilution serum sites were exhausted with 
chicken meat and egg yolk extracts (100 PNU per cubic centimeter), respec- 
tively, but failed to do so in the 1:1000 dilution sites. The typhus vaccine 
reaction was questionable in the 1:100 dilution site exhausted by egg white. 
A slight reaction was induced by egg white in the 1:100 dilution site exhausted 
by typhus vaccine (Table V). 

In the case of serum of patient C. J., typhus vaccine induced a questionable 
reaction after the 1:100 dilution serum site was exhausted with egg white 
extract (100 PNU per cubic centimeter). The remaining reactions were nega- 
tive as shown in Table VI. 

PRECIPITIN TESTS 


Precipitin ring tests were carried out with the concentrated sera (Patients 
T. G. and C. J.) and serial dilutions of typhus vaccine from 1:2 to 1:512. 
No precipitins were demonstrable. 
COMMENT 


The case reports of anaphylactic shock following parenteral injections of 
typhus vaccine prepared on chick embryo yolk sacs presented and the demon- 
stration of positive skin tests and skin sensitizing antibodies in the serum of 
these patients to typhus vaccine indicate that typhus vaccine may be antigenic 
and dangerous when injected into hypersensitive individuals. 

The demonstration of positive skin tests to and skin-sensitizing antibodies 
in the sera of typhus vaccine-sensitive patients to egg white, egg yolk, and 
chicken meat suggests a close antigenic relationship between typhus vaccine 
and these antigens. 

The cross neutralization experiments described with typhus vaccine by egg 
white, egg yolk, and chicken meat antigens in passive transfer studies strongly 
indicate the active antigenic factors in typhus vaccine to be egg white, egg yolk, 
and chicken meat; the egg white is probably the most important, and the latter 
two, respectively, are less important. This confirms the work of Stull.’ 

The exhaustion neutralization experiments further indicate that the 
principle antigenic factors in typhus vaccine are those of egg white, egg yolk, 
and chicken meat but that there may be an additional one unrelated to these 
antigens. If the latter is true, such antigen is probably present in minute 
quantity since the reactions obtained with typhus vaccine in serum sites ex- 
hausted by egg and chicken antigens were of small magnitude. 


It is suggested that all candidates for injections of typhus vaccine or 
other chick embryo vaccines be thoroughly questioned before such injections 
are administered and that all probable egg sensitive individuals be skin tested 
intradermally with approximately 0.02 ¢.c. of typhus vaccine diluted with 
normal saline to 1:100 and, if indicated, 1:10 dilution before vaccination is 
instituted. 
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It is recommended that individuals showing positive skin reactions to 
typhus vaccine and other similar chick embryo vaccines be exempt from vac- 
cination with these materials. 

Whereas minor reactions not coming to the attention of the medical 
personnel may have occurred, the fact that only one anaphylactic reaction 
occurred in 8,419 individuals receiving typhus vaccine, coupled with the fact 
that egg sensitivity has been considered one of the most common of all food 
sensitivities, suggests a low incidence of food allergy in military personnel, 
as previously reported.® 

SUMMARY 


1. Two eases of anaphylactic shock following parenteral injections of 
typhus vaccine prepared from chick embryos infected with epidemie typhus 
rickettsia are reported. 

2. Intradermal skin tests, passive transfer tests, and neutralization experi- 
ments with serum from the two eases presented “indicated a likely antigenic 
identity of typhus vaccine and the egg and chicken meat antigens contained 
therein. 

3. It is recommended that all candidates for typhus vaccine injections or 
other similar chick embryo vaccines be questioned for possible egg sensitivity 
and that all probable egg-sensitive individuals be skin tested with typhus 
vaccine prior to parenteral administration thereof. A suggested initial testing 
strength is a 1:100 dilution of the vaccine using approximately 1/50 c.e. 
volume. These precautionary measures have been advised by the War Depart- 
ment TB MED 114, Nov. 9, 1944. 

4. Since influenza virus vaccine (types a and b) is prepared from infected 
chick embryos, it is suggested that the same precautions be taken with this 
vaccine. 


Acknowledgment is made of the valuable assistance of Sergeant Jack Ladwig, Sergeant 
Walter Goodey, and Corporal David Mitzkus. 
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THE RELATIONSHIP OF GASTRIC ACIDITY TO THIAMINE 
EXCRETION IN THE AGED 


Henry A. Rarsky, M.D., F.A.C.P., BERNARD NEwMAN, Cu.E., M.S., AND 
NoRMAN JOLLIFFE, M.D., F.A.C.P. 
New York, N. Y. 


l* A study of the gastric secretory response in the aged, it was shown that 
while hyperchlorhydria was not infrequently found the majority of the sub- 
jects had 19 degrees or less of free hydrochloric acid in the gastric juice. In 
previous articles** it was also demonstrated that there is a tendency to avita- 
minosis in the aged. Jolliffe’ suggested that the failure of some elderly people 
to absorb thiamine may be due to the achlorhydria so frequently encountered in 
this age group. 

The relationship between gastric acidity and secretion and thiamine has been 
extensively studied. Notwithstanding the numerous references on this subject, 
however, a difference of opinion still exists as to the effect of thiamine deficiency 
upon the gastric acidity and secretion. As a result of the work of Cowgill and 
Gilman on dogs,® the prevailing opinion has been that thiamine deficiency sup- 
presses the gastric secretion. Joffe and Jolliffe, in 1937, postulated the pres- 
ence of an achlorhydria-preventive factor in the vitamin B complex, which was 
not identical with either vitamin B, or the antipellagra factor.?’ Danysz-Michel 
and Koskonski® found a decrease in volume, acidity, and peptie activity of the 
gastric secretion elicited by histamine in a study of pigeons kept on a diet of 
polished rice. Gildea and associates’ were unable to find any change in the 
acidity or the pepsin concentration of the gastric secretion evoked by histamine 
in dogs kept on Cowgill’s Casein III diet. Shay and co-workers’? recently re- 
ported their results of the effect of thiamine chloride depletion upon the spon- 
taneous gastric secretion in rats. They found that after an acute severe thi- 
amine depletion the volume of spontaneous gastric secretion was much greater 
than in their corresponding controls, while the acidity and peptic power re- 
mained normal. Elsom™ kept two human beings on a diet deficient in thiamine; 
he found that the gastric acidity was normal after an oatmeal gruel meal in one 
subject and that a normal gastric secretory response to histamine was obtained 
in the other. Williams and associates’? reported a low level or an absence of 
acidity in four young women maintained on a low thiamine diet. 

In view of the differences of opinions as to the effects of thiamine deficiency 
upon the gastric acidity and secretion and in view of the tendency of aged in- 
dividuals toward a decreased gastric acidity, as well as the prevalence of 
avitaminoses in elderly subjects, it was thought of interest to study the rela- 
tionship between the thiamine levels and the gastric acidity in a group of ap- 
parently normal individuals 65 years of age and over. 
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EXPERIMENTAL PROCEDURE 


This study is based on a series of thirty-one persons whose ages ranged from 
65 to 81 years. Fourteen were men and seventeen were women. All were ap- 
parently normal individuals who were ambulatory and who were fed the routine 
institutional diet which was adequate in thiamine content. A chemical analysis 
showed that this diet contained per day from 0.51 to 1.11 mg. of thiamine, 0.97 to 
1.78 mg. of riboflavin, 16.0 to 117 mg. of ascorbie acid, 2.5 to 10.0 mg. of iron, 
6.9 to 13.1 mg. of nicotinie acid, 1,500 to 11,800 U. S. P. units of carotene, and 
from 1,300 to 5,500 U.S. P. units of vitamin A.* The results of the analyses of 
six separate twenty-four hour periods may be seen in Table I. The methods 
used for the vitamin analyses were those of Hennessey and Cerecedo' for the 
thiamine, Rubin and co-workers for the ascorbie acid, the American Associa- 
tion of Cereal Chemists'®* for the iron, Kreh] and associates'®” for the nicotinie 
acid, the Association of Official Agricultural Chemists’ for the carotene, and 
Dann and Evelyn’ for the Vitamin A. 


TABLE I. VITAMIN ASSAY PER TWENTY-FouR Hour PERIOD 








METHOD 














TWENTY-FOUR | | CARO- | VITAMIN 

HOUR PERIOD B,13 | B14 | C15 | IRON16a NIACIN16b | TENE17 Als 
First 0.88 0.97 of 5.6 11.6 6,000 2,700 
Second 0.83 1.33 16 10.0 10.4 11,400 1,900 
Third 1) 1.78 117 3.7 13.1 11,800 1,900 
Fourth 0.84 1,22 16 9.0 6.9 2,100 1,300 
Fifth 0.70 1.29 18 2.5 8.6 8,800 1,300 
Sixth 0.51 1.03 40 10.9 10.6 1,500 5,000 





— y cage Aye eee in milligrams per day, ‘except carotene and vitamin A which are 
The method of procedure was as follows: Twenty-four hour specimens of 
urine, collected under toluene and stored in the refrigerator, were analyzed for 
their thiamine content.1* An analysis of the gastric contents with the subject 
in the fasting state, as well as the secretory response after a water and toast 
test meal, was made. These determinations were done fractionally. An attempt 
was made to extend the analyses for one hour, but this was not always feasible in 
elderly subjects. If no free hydrochloric acid was found, the subjects were given 
an injection of histamine hydrochloride in the dosage of 0.1 mg. per 10 kilo- 
grams of body weight. These determinations were carried out for one hour. 


RESULTS 


In Fig. 1 there are plotted the thiamine chloride levels and the determina- 
tions of the fasting-free hydrochloric acid, and in Fig. 2 are plotted the B, 
levels when the free hydrochloric acid was at its height. The experimental data 
may be seen in Table II. 

A thiamine excretory level below 50 pg per day was regarded as sub- 
normal.?® 

Of the thirty-one subjects studied, fourteen, or 45.1 per cent, had low 
hydrochloric acid values. Six had true achlorhydria, that is, no free hydro- 


*The vitamin assays of the diets were performed by Dr. S. H. Rubin of Hoffmann- 
La Roche, Inc., Nutley, N. J. 
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TABLE IT 











URINARY 


FASTING | FASTING MAXIMUM MAXIMUM | THIAMINE 














NAME | SEX | AGE 








Hcl | TOTAL Hcl TOTAL (uG./DAY) 
BG. M 70 3 16 52 71 492 
Js: M 68 8 14 Not done 97 
C. M. M 78 0 1 2 11 76 
M. M. F 74 ] 6 46 68 108 
Ji Ik M 70 2 8 20 51 12 
MBs, K 80 0 5 18 66 44 
S. D. FE 80 0 15 42 64 71 
S. S. F 78 50 68 50 68 1070 
L. M. F 65 0 10 40 60 84 
ATs. M 74 0 8 34 60 167 
Fa M 76 0 40 34 64 61 
M. H. F 75 0 8 5 18 181 
i. F. M 78 0 30 52 82 124 
S.N. M (p! 0 20 40 66 4 
J.D. M 78 4 8 98 108 106 
D.S. M 78 11 26 68 86 66 
Tas Fas F 79 0 14 82 102 28 
Bw: F 73 0 10 23 43 109 
Lae Ly F 81 5 11 48 64 84 
3,8. M i1 0 8 44 64 52 
Bie. M 77 40 54 40 54 125 
| PRs lem M 80 0 9 40 56 Not done 
B. D. F 69 0 10 23 55 9 
M.A. F 73 0 4 4 26 200 
D. Ll. F 79 0 2 14 35 128 
The Following Subjects Had True Achlorhydria: 
R. G. F 76 0 13 0 28 36 
BF. F 70 0 10 0 13 330 
Fr. ok F 70 0 18 0 18 26 
L. H. M 67 0 8 0 25 115 
B. B. F 80 0 13 0 13 108 
A.B. F ff 0 8 0 8 98 








chlorie acid was obtained after the injection of histamine. Two of the six sub- 
jects had subnormal daily urinary excretions of thiamine, and four had levels 
ranging from 98 to 330 pg per day. Nineteen subjects had from 2 to 49 degrees 
of free hydrochloric acid, and ten of these showed abnormally low thiamine ex- 
eretion values. Six of the thirty-one subjects had 50 degrees or more of free 
hydrochlorie acid after a water and toast test meal. Two of these six subjects 
showed subnormal thiamine excretions. One had a free hydrochloric acid of 82 
and a total acidity of 102 degrees, with a thiamine excretory level of 28 pg per 
day, and the other had a free hydrochloric acid of 68 and a total acidity of 86 
degrees, with a daily vitamin B, excretion of 66 micrograms. 


DISCUSSION 


As was stated before, a difference of opinion exists as to whether there is 
any causal relationship between gastric acidity and the thiamine status of an in- 
dividual. This was of especial interest to us in view of the tendency to hypo- 
ehlorhydria and avitaminoses in elderly individuals. In this study we found 
both high and low thiamine values in subjects with anacidity, hypochlorhydria, 
and hyperchlorhydria. These findings are illustrated in Fig. 2. Since a low 
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thiamine excretion is compatible with a histamine-fast achlorhydria as well as 
with a hyperchlorhydria, it is questionable whether there is any causal rela- 
tionship between the gastric secretory response and thiamine deficiency in ap- 
parently normal elderly subjects. In trying to explain the low thiamine levels 
in the aged, several factors must be taken into account. The most important of 
these are inadequate intake, lack of assimilation or absorption, and improper 
utilization of the amount that has been absorbed. In this study the factor of in- 
adequate intake was ruled out by careful vitamin analysis of the diet. Further- 
more, as will be shown in a subsequent paper?’ the subjects took a sufficient 
amount of food which was determined by careful supervision as well as by 
weighing and measuring their intake. In regard to assimilation or absorption, 
the ‘‘conditioned malnutrition states’’ as described by Jolliffe’ were not pres- 
ent. It is our opinion that the tendency to avitaminosis in the aged arises from 
a lack of proper utilization of the amount that has been absorbed. This subject 
is still under investigation and will be reported in a forthcoming paper. 

In appraising thiamine levels in individuals past the age of 65, another 
possibility must be kept in mind. The so-called normal levels of the various 
vitamins that have appeared in the literature are based on studies on infants, 
children, and young healthy adults. It is possible that these values do not 
apply to the age group that we have been studying. As an example of just 
such an occurrence, a series of studies by Newman and Gitlow?’ *? may be cited. 
These authors showed that the normal values reported in the literature for as 
basic a physiologic value as red cell, hemoglobin, and white cell values do not 
seem to be applicable to individuals past the age of 65. It is conceivable that we 
may be dealing with the same type of standards in the ease of thiamine. 


SUMMARY AND CONCLUSIONS 


1. Of thirty-one elderly subjects studied, 45.1 per cent had low thiamine 
excretory levels. 

2. The fasting gastric acidity and the secretory response after a test meal 
were determined in all of these subjects. 

3. Both high and low excretory levels of thiamine were found in subjects 
with anacidity, hypochlorhydria, and hyperchlorhydria. 


REFERENCES 


1. Rafsky, H. A., and Weingarten, M.: <A Study of the Gastric Secretory Response in 
the Aged, Gastroenterology. In press. 

2. Rafsky, H. A., and Newman, B.: Vitamin C Studies in the Aged, Am. J. M. Sc. 201: 
749, 1941. 

3. Rafsky, H. A., and Newman, B.: Relationship of Niacin (Nicotinic Acid), to 
Porphyrinuria in the Aged, Am. J. M. Se. 205: 209, 1943. 

4, Rafsky, H. A., and Newman, B.: Vitamin B, Excretion in the Aged, Gastroenterology 
1: 737, 1943. 


5. Jolliffe, N.: Handbook of Nutrition; Conditioned Malnutrition, J. A. M. A. 122: 299, 
1943. 
6. Cowgill, G. R., and Gilman, A.: Physiology of Vitamins; Effect of Lack of the Vitamin 


B Complex on the Secretion of Gastric Juice in Dogs With Gastric Pouches, Arch. 
Int. Med. 53: 58, 1934. 

7. Joffe, P. M., and Jolliffe, N.: The Gastric Acidity in Alcohol Addicts, With Observa- 
tions on the Relation of the B Vitamins to Achlorhydria, Am. J. M. Sc. 193: 
501, 1937. 

















RELATIONSHIP OF GASTRIC ACIDITY TO THIAMINE EXCRETION IN AGED 123 


8. Danysz-Michel and Koskonski, W.: Vitamin B, Compt. rend. Soe. de Biol. 85: 54, 1922. 

9. Gildea, E. F., Kattwinkel, E. E., and Castle, W. B.: Experimental Combined System 
Disease, New England J. Med, 202: 523, 1930. 

10. Shay, H., Komarov, 8S. A., Gruenstein, M., and Fels, 8S. S.: The Effect of Thiamin 
Deprivation Upon Gastrie Secretion in Rats, Gastroenterology 6: 199, 1946. 

11. Elsom, K. O.: Experimental Study of Clinical Vitamin B Deficiency, J. Clin. Investiga- 
tion 14: 40, 1935. 

12, Williams, R. D., Mason, H. L., and Smith, B. F.: Induced Vitamin B, Deficiency in 
Human Subjects, Proc. Staff Meet., Mayo Clin. 14: 787, 1939. 

13. Hennessey, D. J., and Cerecedo, L. R.: The Determination of Free and Phosphorylated 
Thiamin by a Modified Thiochrome Assay, J. Am. Chem. Soe. 61: 179, 1939. 

14. Rubin, S. H., De Ritter, E., Schuman, R. L., and Bauernfeind, J. C.: The Determination 
of Riboflavin in Low Potency Foods and Feeds, Ind. Eng. Chem. 17: 136, 1945. 

15. Robinson, W. B., and Stotz, E.: The Indophenol-xylene Extraction Method for Ascorbic 
Acid, J. Biol. Chem. 160: 217, 1945. 

16. (a) A. A. C. C. Method: Determination of Iron in Food Products, ed. 4, Washington, 
D. C., 1941, p. 47. 

(b) Krehl, W. A., Strong, F. M., and Elvejhem, C. A.: Determination of Nicotinic 

Acid, Ind. Eng. Chem., Anal. Ed. 15: 471, 1943. 

17. A. O. A. C.: Official and Tentative Methods for Analysis, ed. 5, Washington, D. C. 
1940, p. 369. 

18. Dann, W. J., and Evelyn, K. A.: The Determination of Vitamin A With the Photo- 
electric Colorimeter, Biochem. J. 32: 1008, 1938. 

19. Sevringhaus, E.: Personal communication. 

20. Rafsky, H. A., and Newman, B. Unpublished data. 

21. Newman, B., and Gitlow, S.: Blood Studies in the Aged. I. The Erythrocyte in the 
Aged Male and Female, Am. J. M. Se. 205: 677, 1943. 

22. Newman, B., and Gitlow, S.: Blood Studies in the Aged. II. The Leukocytes in the 

Aged Male and Female, Am. J. M. Se. 206: 622, 1943. 








THE EVALUATION OF THE VITAMIN C STATUS OF HUMAN SUB- 
JECTS: STUDIES WITH INTRADERMAL DYE DISCOLORATION, 
CAPILLARY FRAGILITY, FASTING PLASMA VITAMIN C 
LEVEL, AND VITAMIN C SATURATION 


ALBERT H. Houuanp, JR., M.D., James C. Cannirr, M.D., 
AND Maurice Brucer, M.D. 
New York, N. Y. 


HE recognition of a subclinical seorbutie state has assumed major importance 

in reeent years. Normal or near normal concentrations of vitamin C in the 
tissues are necessary for the normal function of the capillary wall, for ade- 
quate wound healing and the repair of fractures, and for the normal metabolism 
of some amino acids. This vitamin, moreover, may play a part in specific enzyme 
systems and detoxification functions relative to sulfanilamide type compounds. 
Consequently, emphasis has been placed on various laboratory procedures which 
might be utilized to demonstrate vitamin C saturation or unsaturation. 

In 1938 Rotter’ described an intradermal dye discoloration test. His tech- 
nique was tested extensively by a number of investigators including Portnoy 
and Wilkinson? and Suzuki® who maintained that a satisfactory correlation 
existed between this procedure and the blood vitamin C level. Beck and 
Krieger* found this test to agree with the results obtained by vitamin C satura- 
tion studies. In a recent paper Slobody® found that the skin test denoted the 
degree of body saturation with vitamin C. He concluded that the discrepancy 
between plasma ascorbic acid levels and the results of the skin tests could be 
explained by the fact that the blood level at any given time reflected only the 
recent intake of vitamin C. This statement requires further confirmation since 
Slobody showed that the intravenous administration of 200 mg. of vitamin C 
decreased the intradermal] skin test time in forty-four of forty-five cases as 
the plasma vitamin C level rose; this implies a reciprocal relationship between 
the two procedures. Goldsmith and associates® concluded that no correlation 
existed between the plasma vitamin C level of fasting subjects and intradermal 
dye discoloration. Wright and MacLenathen’ observed that the variation in 
the discoloration time using Rotter’s method was too great to establish a nor- 
mal range; moreover, these workers showed that discoloration times varied 
appreciably at different body sites. 

Roberts and co-workers*® found a close correlation between vitamin C in- 
take and capillary fragility. They concluded that the capillary fragility test 
might be useful in showing relative saturation or unsaturation in given indi- 
viduals or groups. Wright and Ludden® observed that subjects receiving in- 
adequate amounts of vitamin C demonstrated increased capillary fragility 
before the classical signs of scurvy became manifest. Abt and associates’® 
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denied the existence of a significant correlation between plasma vitamin C 
level and petechial formation. It is now generally recognized that several 
clinical conditions other than scurvy (infectious disorders, acidosis, menstru- 
ation, blood dyscrasias, hypertension) as well as some toxie agents (arsphena- 
mine, carbon monoxide) affect the strength of capillaries. 


The fasting plasma vitamin C level has been widely accepted as a reliable 
biochemical index of the state of ascorbic acid nutrition. Farmer," using the 
results of Thysell’s’? investigations, compiled a table which demonstrated the 
relationship between the dietary intake of vitamin C and the fasting plasma 
vitamin C level. Croft and Snorf** studied a group of fifty healthy student 
nurses on a regular hospital diet. The fasting plasma vitamin C values varied 
from 0.60 to 1.12 mg. per cent with an average of 0.81 mg. per cent. These 
figures compared favorably with those of Farmer and Abt‘ and of Portnoy 
and Wilkinson.? Kruse’ maintained that no correlation existed between the 
data derived by different methods of vitamin C assay in the same patient. 
He stated that the practice of testing the validity of a procedure by comparing 
its results with blood values was unsound, since blood values shift rapidly and 
fluctuate intermittently while tissue concentrations undergo slow change. 


The vitamin C saturation test has been found to be an excellent index of 
ascorbic acid deficiency. Wright and co-workers” ‘© 17 and other investigators'**° 
have reported extensively on the various methods and procedures of vitamin C 
excretion tests. The former group derived a formula in which the one and 
one-half hour and five-hour urinary excretion of vitamin C after the intra- 
venous administration of 1 Gm. was used to calculate the twenty-four hour 
saturation index. This index was shown to be more significant than the five-hour 
excretion value because the index nullified the factor of renal retention. 


The present study was undertaken to correlate several of the more com- 
monly employed procedures used to denote vitamin C unsaturation. This 
investigation embraces observations on the intradermal dye discoloration test, 
the capillary fragility test, the fasting plasma vitamin C level, and the vita- 
min C saturation test. 

MATERIAL AND METHODS 


Thirty-four patients admitted to the general medical service and fourteen normal 
volunteers (interns, nurses, and technicians) comprised the subjects used in this study. 
In each case the tests were run consecutively in the morning after an overnight fast. The 
evening meal on the day preceding the studies did not include foods rich in vitamin C. 
The order of testing was as follows: intradermal dye discoloration, capillary fragility, 
plasma vitamin C level, and the vitamin C saturation test. 

The intradermal dye discoloration test was carried out simultaneously on both arms 
according to the procedure of Slobody.5 The average of the two tests was taken as the 
dye discoloration time. The N/300 solution of 2-6 dichlorphenol-indophenol was not pre- 
pared freshly every day but was checked by titration against vitamin C for standardiza- 
tion twice weekly. The standards outlined by Slobody were employed. Accordingly, a dye 
discoloration time of more than fourteen minutes denoted a definite degree of vitamin C 
unsaturation, from nine to thirteen minutes mild unsaturation, and less than nine minutes 
a normal concentration of vitamin C in the tissues. 
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The capillary fragility test was performed and interpreted according to the procedure 
and standards outlined by Wright and Lilienfeld.21 Less than ten petechiae, in a circle 
2.5 em, in diameter approximately 1 inch below the crease of the elbow after fifteen minutes 
of tourniquet pressure halfway between systolic and diastolic blood pressure, are considered 
normal; ten to twenty petechiae were interpreted as border line, whereas over twenty petechiae 
denoted definite evidence of increased capillary fragility. 

The plasma vitamin C was determined by the Farmer and Abt metaphosphoric acid 
method.14 The normal fasting level was considered to range from 0.6 to 1.4 mg. per 100 
e.c. of plasma. 

The vitamin C saturation studies* were carried out according to the procedure of 
Wright and Ludden.® One gram of vitamin C was injected intravenously after a twelve- 
hour fast. Urine specimens were collected at one and one-half and five hours after the 
injection; the total five-hour excretion and the twenty-four hour saturation index were 
calculated. An excretion rate of over 450 mg. of vitamin C was considered normal for the 
five-hour period and over 500 mg. for the twenty-four hour saturation index. 

Although Kruse!5 maintained that no correlation could be expected to exist between 
the various laboratory procedures for determining vitamin C nutritional status, it was felt, 
nevertheless, that some biochemical or biophysical test which most closely approximates 
the clinical status must be accepted as a standard in order to compare the relative ade- 
quacy of other procedures. This is particularly true if any one method is to be used 
exclusively in order to determine vitamin saturation or unsaturation. In this study the 
five-hour excretion test was adopted empirically as the method of choice, and the other 
indices compared with it. The twenty-four hour saturation index was not used as a basic 
standard since in several instances it was impossible to caleulate this value. Moreover, 
in only one instance (Case 17) was there any discrepancy between the five-hour excretion 
value and the twenty-four hour saturation index. 


RESULTS 


In Table 1 the observations made on the forty-eight cases studied are 
given in detail. This table was constructed according to the values obtained 
in the five-hour urinary excretion of vitamin C in ascending order. 

This protocol reveals a lack of correlation between the intradermal dye 
discoloration time and the five-hour excretion of vitamin C in thirteen of the 
forty-eight individual tests performed (27 per cent). Only obvious discrep- 
ancies were used in these calculations since the borderline zone of nine to 
fourteen minutes in dye discoloration time was considered compatible with 
vitamin C saturation or unsaturation. The notable exceptions occurred in 
Cases 20 to 25, 29, 32, 34, 37, 38, 44, and 46. 

Assuming the fasting vitamin C content of the plasma in nutritionally 
normal individuals to be at least 0.6 mg. per 100 ¢.c., a fair degree of corre- 
lation was noted between this index and the five-hour urinary excretion value. 
Obvious discrepancies were observed in seven of the forty-eight tests per- 
formed (15 per cent). The exceptions noted were in Cases 14, 17, 20, 22, 27, 
34, and 37. 

A marked degree of discrepancy was noted between capillary fragility 
and the five-hour urinary excretion of vitamin C. Here again, the borderline 
zone of ten to twenty petechiae was considered compatible with vitamin C 
saturation or unsaturation. Nevertheless, a lack of correlation between these 
two indices was observed in twenty-four of the forty-eight tests performed 


*With the technical assistance of Elsie V. Frost, B.A., and Margaret E. Thomas, B.A., 
of the Division of Pathological Chemistry, New York Post-Graduate Hospital. 
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VITAMIN C SATURA- 
TION TEST 























TWENTY- | DYE DIS- FASTING | CAPILLARY 
FIVE- FOUR HOUR| COLORA- PLASMA | FRAGILITY 
HOUR SATURA- | TION TIME | VITAMIN | (NUMBER 
CASE EXCRETION |TION INDEX | (MIN. AND Cc OF PETE- 
NO. | AGE | SEX CLINICAL DIAGNOSIS (MG. %) | (MG. %) SEC.) (Ma. %) CHIAE) 
1 45 M_ Chronic glomerulonephritis 118 189 17:30 0.15 100+ 
2 30 M Peptic ulcer 154 161 22:45 0.10 0 
3 21 F = Tuberculous peritonitis 156 203 19:00 0.25 8 
4 23 M _s &Postphlebitic ulcer 180 186 19:30 0.10 0 
5 44 M _s~Psychoneurosis 201 218 11:00 0.10 12 
6 15 M _ Pyrexia—etiology? 226 239 12:00 0.45 8 
if 50 M_ Chronic leg ulcer, rheuma- 243 253 29:30 0.20 0 
toid arthritis 
8 33 M_ Chronic prostatitis 246 278 27:00 0.20 2 
9 15 M Possible early bronchiectasis 261 295 20:00 0.15 50 
10 16 F  Obesity—etiology? 268 284 16:15 0.10 23 
i | 63 M_ Thrombophlebitis 272 292 17:00 0.25 0 
12 24 F Multiple sclerosis 279 15:00 0.35 58 
13 23 F Brucellosis 325 352 14:30 0.20 80 
14 26 M Normal 349 397 15:00 0.70 3 
15 60 F Bleeding peptic ulcer 364 10:30 0.10 8 
16 51 F Hypertension, ovarian tumor 387 449 14:00 0.10 100+ 
1g 58 F Hypertension, hypertrophic 412 538 10:00 0.75 40 
osteoarthritis 
18 56 F Metastatic carcinoma with 417 468 13:00 0.25 48 
jaundice 
19 20 F = Infectious arthritis 439 494 19:45 0.20 12 
20 23 F = Postpolio lymphedema 487 545 21:00 0.40 1 
21 16 F Rheumatic heart disease 490 26:30 0.65 12 
22 22 F Normal 508 558 18:15 0.40 3 
23 41 M_ Rheumatic heart disease 510 679 19:15 0.65 48 
24 27 M Normal 556 603 21:00 0.80 20 
25 26 F Rheumatic heart disease (in- 556 739 16:45 0.75 1 
active), subacute bacte- 
rial endocarditis 
26 39 M Retinal hemorrhages— 566 692 10:15 0.80 100+ 
etiology? 
27 49 M_ Coronary occlusion 592 760 14:00 0.35 19 
28 56 M_ Hypertension 620 736 6:30 0.70 90 
29 24 F Normal 624 754 14:30 1.00 5 
30 40 F Allergic to ragweed and 629 762 12:00 0.65 10 
citrus fruits 
31 54 F Hypertension, purpura 633 838 8:45 1.00 100+ 
32 50 F Biliary cirrhosis 636 713 15:00 0.65 4 
33 24 F Rheumatic heart disease 647 829 Lisse 0.80 + 
34 21 F Normal 658 792 29:30 0.55 25 
35 47 F Anemia—etiology? 668 873 8:30 0.95 15 
36 40 F Hyperthyroidism 679 11:00 0.70 5 
37 22 F Normal 686 804 15:15 0.40 56 
38 27 M Normal 701 941 18:15 0.90 4 
39 52 F  Polyeythemia vera 715 870 9:00 1.00 84 
40 16 F Multiple sclerosis 730 847 10:45 0.60 40 
4] 29 F Normal 798 920 9:30 0.90 7 
42 26 F Normal 833 950 12:45 1.10 52 
43 23 F Normal 837 973 8:30 0.70 40 
44 22 F Normal 838 977 20:30 0.75 63 
45 33 F  Thrombophlebitis 841 1,066 8:30 35 56 
46 30 F Normal 918 1,041 14:30 1.10 60 
47 27 M Normal 963 1,000 10:00 0.60 57 
48 26 M Normal 1,038 10:00 1.50 50 
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(50 per cent). The exceptions noted were in Cases 2 to 4, 6 to 8, 11, 14, 15, 
23, 26, 28, 31, 34, 37, 39, 40, and 42 to 48. It should be pointed out here that in 
six patients (Cases 23, 26, 28, 31, 39, and 45) the discrepancy between capillary 
fragility and the five-hour saturation test may be ascribed to the underlying 
pathologic disturbance resulting in capillary injury (rheumatic heart disease, 
purpura, hypertension, polycythemia vera, and thrombophlebitis). In the 
eighteen remaining instances in which a lack of correlation was observed be- 
tween these two procedures, no obvious reason to account for the discrepancy 
was disclosed. In the final analysis, therefore, no correlation was observed 
between the capillary fragility test and the five-hour saturation test in eighteen 
of the forty-eight tests performed (37 per cent). 


DISCUSSION 


The dye discoloration test exhibited serious technical difficulties and in- 
consistencies aside and apart from the high degree of discrepancy when com- 
pared with the saturation test. Thus, allergic reactions, such as induration 
and erythema at the site of the injection, were occasionally noted; these oc- 
curred twenty-four to ninety-six hours after the administration of the dye. 
In one subject the local reaction was marked and accompanied by a dermatitis 
involving the forehead, bridge of the nose, and flexor creases of the fingers. 
Moreover, significant variations in dye discoloration time were observed when 
the test was performed simultaneously on both arms. Peculiarly enough, this 
phenomenon could be repeated with identical results twenty-four hours later. 
Again, some difficulty was experienced in reading the absolute end point of 
dye discoloration, and some degree of uncertainty was always present con- 
cerning the validity of an absolute intradermal injection. 

The capillary fragility test was found to be nonspecific. The present 
meager knowledge of capillary physiology and pathology renders any pro- 
cedure based on capillary rupture extremely difficult to interpret. Massive 
petechial formation may occur in several] clinical conditions (such as, blood 
dyserasias) as well as in frank seurvy. Again, fragile capillaries produced by 
vitamin C deficiency will not rupture under tourniquet pressure if anemia is 
concomitantly present presumably due to the decreased blood volume. 


CONCLUSIONS 


1. The vitamin C saturation test, the intradermal dye discoloration time, 
the fasting plasma vitamin C level, and the capillary fragility test were car- 
ried out on thirty-four patients and fourteen normal subjects. 

2. Serious discrepancies between the dye discoloration test and the five- 
hour urinary excretion of vitamin C were observed in 27 per cent of the tests 
performed. Other noteworthy objections to the intradermal dye discoloration 
test have been described. 

3. A satisfactory correlation was observed between the fasting plasma 
level and the five-hour urinary excretion of vitamin C. In only 15 per cent 
of the cases studied were exceptions noted. 

4. Obvious discrepancies between the capillary fragility and the satura- 
tion tests occurred in 37 per cent of the subjects investigated. 
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SERUM PROTEINS IN HYPOPROTEINEMIA DUE TO 
NUTRITIONAL DEFICIENCY 


Martua M. Breuer, M.A., AaNp Enrique E. Ecker, Px#.D., CLEVELAND, OHIO, 
AND Tom D. Spres, M.D., BrirmiInGHAm, ALA. 


HE ultimate source of all body proteins is dietary protein. Dietary protein 

is absorbed from the gut as amino acids, and these acids are resynthesized 
into the special types of body protein. Inadequate intake of protein leads 
to a depletion of tissue protein. A sufficiently severe depletion of tissue protein 
is reflected in the serum proteins because there exists, between the cellular and 
serum proteins, a dynamic equilibrium involving a continuous interchange of 
materials between the blood and the tissues. Although the serum protein level 
is not an absolute indication of the state of the body proteins, hypoproteinemia 
reflects depletion of protein in other tissues. 

Blood serum contains a variety of proteins which can be classified as 
albumin and globulins according to physical and chemical characteristics. Each 
performs distinct bodily functions in addition to the all-important but little- 
understood relationship to tissue nutrition. Serum albumin influences the 
water balance of the body. The edema which is often observed in cases of 
severe hypoproteinemia is thought to be due to a depletion of albumin below 
the level necessary for maintaining adequate colloid osmotie pressure within 
the vascular system. 

Most studies on the problem of serum protein production have been con- 
fined to the synthesis of serum albumin because a reduction in the concentration 
of albumin usually precedes that of the globulins. The globulins are of vital 
importance because of their immunologic functions. Their complexity has been 
shown clearly by the fundamental work of Tiselius on the separation of plasma 
proteins by electrophoretic analysis. By this means the globulins have been 
divided into alpha, beta, and gamma components, and their quantitative rela- 
tionship has been determined. 

On the basis of electrophoretic analysis of blood serum of patients with 
a great variety of diseases, certain generalizations have been made. In febrile 
conditions the alpha globulins are elevated. In nephrosis the beta globulins 
are high, possibly because of the presence of a labile lipoprotein.t Marked 
increases in the gamma component occur in rheumatic fever,? amyloidosis,” 

University of Cincinnati College of Medicine Studies in Nutrition at the Hillman Hos- 
= = Ala. From the Institute of Pathology, Western Reserve University, Cleve- 
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relapsing malaria,’ and sarcoidosis. In certain diseases affecting the liver there 
is often an elevation of all three globulins. Changes in the relative distribution 
of these proteins during the course of many diseases bear no direct relationship 
to total protein level, although the total protein level is not necessarily normal. 

Although hypoproteinemia may result from severe hemorrhage, burns, or 
disturbances of digestion, absorption, and utilization of proteins, the most 
common cause of hypoproteinemia is insufficient intake of dietary protein. In 
a large Nutrition Clinie where hundreds of patients with various forms of mal- 
nutrition are seen yearly, many patients have been observed who, for years, 
have existed on a low protein diet and who have serum protein level 30 to 40 
per cent below the normal value. The clinical implications of this type of 
hypoproteinemia are not well understood. In some of the advanced cases 
edema may occur, suggesting a depletion of serum albumin; but other eases 
show no signs of edema. 

Although undernutrition and malnutrition have been recognized as contri- 
buting factors in chronic infectious diseases and in susceptibility to infection, 
observations of certain malnourished, anemic individuals at the Nutrition Clinic 
have revealed such patients to be remarkably free from infection despite low 
serum protein levels. In order to secure further data on these cases, electro- 
phoretie patterns of blood serum, complement and complement components, 
opsonie indices, and natural antibodies have been compared with those of 
healthy subjects and with a series of patients with various other diseases. 


MATERIALS AND METHODS 


Three groups of subjects were selected for study. The first group included 
seven adults who had no evidence of any disease or infection. They appeared 
to be in excellent health; their diets were adequate in all respects, and they 
were working every day. The second group included fourteen malnourished 
patients, thirteen adults and one child selected from the Nutrition Clinie and 
from the wards of the Jefferson Hospital. These patients had various diseases 
(Table I), and it was known that their diets had been inadequate in protein for 
at least a short time. To what extent the infection was responsible for the 
poor nutritional status is not known. The third group included eight adults 
with anemia who had been observed in the Nutrition Clinie for at least three 
years. Three had addisonian pernicious anemia, one had nutritional macrocytic 
anemia, and four had iron deficiency anemia. All had subsisted on low protein 
diets for several years but were free from infection of any kind. 

Fasting (overnight) samples of blood were drawn by venous puncture. 
The blood was allowed to clot, was centrifuged, and the serum was transferred 
to ampules in an ether-dry ice bath. Serum samples were preserved in the 
frozen state. 

Electrophoretic analysis of all sera was carried out in a standard Tiselius 
apparatus according to Longsworth’s technique.® A veronal buffer, pH 8.6, ionic 
strength 0.1 was employed. The serum was dialyzed forty-eight hours in 2 
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TABLE I. SERUM PROTEIN DISTRIBUTION ACCORDING TO TISELIUS DATA 
































| | ALPHA| BETA |GAMMA | 
TOTAL | ALBU- | GLOBU-|GLOBU- | GLOBU- 
SUB- | PROTEIN | MIN | LIN | LIN | LIN | 
CASE] JECT |(MG. %)| (%) | (%) | (%) | (%) | A/G REMARKS 
Normal Subjects 
R. B. J. 6.60 62.1 9.6 11.5 16.9 1.6 
2 M.B. 7.50 54.0 17.9 15.6 12.5 i. 
3 §.D. 6.57 68.7 10.3 10.9 10.2 2.2 
4 A.M. 7.40 53.3 13.5 17.9 155 ia Normal, healthy adults who 
5 H.C. 6.41 56.2 19.3 12.2 14.7 1.3 showed no signs of infection 
6 L.F. 7.03 57.6 12.2 14.7 15.8 1.4 at the time the blood sample 
7 DJ. 6.18 64.6 13.6 112 = 07 1.9 was taken 
Average 6.81 59.5 13.8 13.4 13.4 1.5 
Range 6.1 to 7.5 53 to699to19 11 to 1810 tol7 1.1 to 2.2 
Subjects With Various Diseases 
S JT. 6.13 43.3 20.8 21.4 14.4 0.76 Pulmonary edema; coronary 
ischemia 
9 R. J. 5.88 45.6 13.5 18.2 22.6 0.84 Tuberculous meningitis 
10 RN. 6.71 23.7 29.1 19.0 28.1 0.31  Aleucemie leucemia 
Aa a 7.94 22.5 19.7 6.8 51.0 0.29 Lymphopathia venereum 
12 M.P. 4.94 62.3 12.0 16.1 9.6 1.6 Uleers (staphylococcus 
infection) 
13 J. We 5.87 48.2 21.9 16.0 14.0 0.93 Catarrhal jaundice 
14 W.R. 5.84 36.7 19.1 13.4 30.8 0.58 Typhus convalescent 
15 F.C. 5.09 47.5 21.2 15.0 16.2 0.91 Active tuberculosis 
16 I.B. 6.25 33.0 26.7 17.4 22.9 0.49 Lung abscess 
kee Je ce <3 7.72 33.0 29.0 16.5 21.5 0.49 Catarrhal jaundice 
18 J.K. 6.25 28.1 27.4 21.0 23.5 0.39 Rheumatic fever 
19 F.B. 4.06 30.0 30.6 20.7 18.6 0.43 Nephritis; congestive heart 
failure 
20 M.R. 5.87 23.2 11.8 13.7 51.1 0.35  Carcinomatous pellagrous 
dermatitis 
21 R.G. 3.09 3.6 30.5 20.9 5.0 0.77 Hepatitis (7) 
Range 3.1t07.9 23t06212to31 6.8to215 to 51 0.29 to 1.6 
Subjects With Anemia 
22 E.S. 5.10 57.4 12.5 11.9 18.0 1.4 Nutritional macrocytic anemia 
23 G.B. 4.7] 60.8 10.0 12.3 16.6 1.5 Addisonian pernicious anemia 
24 J.8. 4.59 63.8 7.3 11.2 17.6 1.8 Addisonian pernicious anemia 
25 H. T. 5.75 53.6 13.6 13.3 19.5 1.2 Addisonian pernicious anemia 
26 C.D. 4.12 53.1 18.1 15.2 13.6 i Iron deficiency anemia 
27 H.G. 5.75 54.6 13.2 20.7 11.6 1.2 Iron deficiency anemia 
28 E.L. 5.04 56.2 14.3 15.3 14.3 1.3 Iron deficiency anemia 
29 S.H 5.85 50.9 13.0 17.8 20.3 1.0 Tron deficiency anemia 
Average 5.11 56.3 12.8 14.7 16.4 13 
Range 4.1to5.8 51to647to18 11to02113t0o20 1.0to1.8 





liters of buffer; then the serum protein concentration was adjusted to 1.2 per 
eent by dilution with buffer. Electrophoresis was allowed to proceed for 9,300 
seconds with a current of 15 milliamperes. Results were recorded photograph- 
ically by the Schlieren scanning method.’ Measurements were made in terms 
of relative quantities (weight per cent) of albumin and alpha, beta, and gamma 
globulins by means of planimeter tracings of enlargements of the photographic 
plates. Descending patterns only were used for the calculations. 

Total proteins were determined by the micro-Kjeldahl method for nitrogen. 
A sulfuric acid-phosphorie acid-copper sulfate digestion mixture was used, and 
Nessler’s reagent was employed for the colorimetric estimation of the ammonia 
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formed. Tungstate sulfate precipitation was used in the preparation of protein- 
free filtrates for N.P.N. determinations. 


For a qualitative study of the serum proteins, the immunologic properties 
of each serum were measured with respect to three well-known natural attributes 
of serum: complementary activity, opsonic index, and antisheep antibody titer. 

The components of hemolytic complement have been shown to be distributed 
among the globulin fractions of the serum proteins.’ Although the complemen- 
tary activity of the blood determines to a large extent its immunologic properties, 
a deficit of any or all of the components of complement ‘causes no obvious 
changes in the electrophoretic pattern of the serum since complement comprises 
only a small portion of the serum globulins. For this reason complement titers 
are included in our data. Complement determinations were carried out as soon 
as possible after the serum had been prepared, since complementary activity 
decreases gradually even when the serum is preserved in the frozen state. The 
serial tube method described by Ecker and associates® was used. The values 
represent the amount of serum necessary to bring about complete hemolysis 
and 50 per cent hemolysis of a standard amount of sensitized sheep red blood 
cells. Tests for the reactivation of components were carried out for all sera. 
These values are reported in terms of per cent hemolysis of a given amount 
of sheep cells brought about by small amounts of serum to which an excess of 
specifically inactivated complement components were added. 


The opsoniec index of serum was measured by the degree of opsonization 
of organisms which do not undergo phagocytosis in the absence of an opsonie 
agent. In the absence of antibodies natural opsonins have been identified with 
three of the components of complement.’® They represent an important mecha- 
nism in reaction to infectious agents; therefore, measurement of opsonice indices 
is helpful in the evaluation of the serum globulins. Determinations were made 
according to the method described by Ecker and Lopez-Castro.’® All leu- 
coeytes were obtained from the venous blood of the same normal individual. 
The organism used was Micrococcus candidus.* The number of cocci ingested 
by 100 polymorphonuclear leucocytes was counted on each slide. 

In addition to the antibodies which are formed in response to invasion, 
human blood serum normally contains agglutinins which are generally active in 
low dilutions against certain cellular antigens. The antigen used in this study 
was the sheep erythrocyte. The sera to be tested were heated at 56° C. for 
ten minutes to inactivate complement. Serial tube dilutions from 1:2 to 1:128 
were then made with 0.85 per cent saline in such a manner that the total 
volume in each tube was 0.5 ecubie centimeter. A 2 per cent suspension of sheep 
erythrocytes was prepared from 2 cubic centimeters fresh sheep blood washed 
four times with saline and diluted to 100 cubic centimeters. To each tube of diluted 
serum and to a ‘‘blank’’ tube containing 0.5 cubic centimeter saline was added 0.5 
cubie centimeter of this cell suspension. The tubes were shaken, incubated one 


aimee) 


*Micrococcus candidus was obtained through the kindness of Dr. C. A. Mills, University 
of Cincinnati Medical School. 
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hour at 37° C., and allowed to stand overnight in an icebox. Readings were 
made according to the size of the erythrocyte clump remaining after the tube 
had been tapped firmly once. The values reported represent the highest dilution 
of serum capable of causing definite agglutination of the sheep cells. 


DATA AND RESULTS 


Serum Protein Fractionation by Electrophoresis.—Electrophoretic data are 
presented in Table I. Typical patterns are illustrated in Fig. 1. The average 
values for normal controls are in agreement with the data published by other 


Sf ¥PICAL ELECTROPHORETIC PATTERNS 
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_ Fig. 1.—Note similarity of the patterns for the controls a and b and the anemia patients 
h, i, fj, and k, as compared with the differences between the patterns for the controls and the 
patterns for patients with various diseases c, d, e, f, and g. 


workers" as are the data for the patients with various other diseases.” *° The 
patterns for the patients suffering from anemia and hypoproteinemia resemble 
very closely the normal patterns. The only consistent variation is a slight eleva- 
tion of the gamma globulins with a relative drop in either albumin or alpha 
globulin. 

Immunologic Tests.—Contained in Table II are the results of complement 
titrations and reactivations, natural antisheep antibody determinations, and 
opsonie indices. 

Values for 50 per cent hemolysis readings in the complement titrations are 
within the normal range for all cases with the exception of No. 8. Reactivation 
tests on this serum indicate that there was a relative deficit of all complement 


RESULTS OF IMMUNOLOGIC TESTS 








TABLE ITI. 
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components. Reactivation tests on the other sera showed no significant varia- 
tions in strength of components, as was to be expected, since over-all comple- 
ment titers were within the normal range. 

The antisheep hemagglutinin titers were somewhat lower for the deficient 
patients than for either group of controls. However, the ranges of values over- 
lapped widely, and small numerical variations are within the range of experi- 
mental error. 


In most cases the opsonie index counts showed 90 to 100 per cent of the 
polymorphonuclear leucocytes to be filled with organisms and the total number 
of organisms engulfed to be 500 to 1,500. In Case 28 this value was substantially 
lowered, indicating the absence of adequate quantities of opsonins in this serum. 
‘‘Blank’’ controls showed not more than 10 per cent active leucocytes and not 
more than twenty-five organisms engulfed. 


COMMENT 


The data presented indicate that the blood sera of eight persons who are 
hypoproteinemie but have no known infection vary but slightly from the sera 
of healthy, well-nourished individuals with respect to distribution of serum pro- 
tein fractions, complement titers, opsonic indices, and antisheep hemagglutinin 
titers. 

The relative decrease of serum albumin and relative elevation of serum 
globulin fractions in the sera of most of the hypoproteinemic patients are an 
indication that hypoproteinemia develops at greater expense to serum albumin 
than to serum globulin. However, the average deviation of the albumin: globulin 
ratio from the normal is extremely small as compared with the wide deviations 
and inversions of the ratio found in the sera of patients with other diseases. 
This fact suggests that in prolonged malnutrition a gradual depletion of all 
serum proteins occurs, since the ultimate source of all body proteins is dietary 
protein. Whereas, in disease increased amounts of specialized globulins may be 
produced, in dietary deficiency all types of serum protein may be produced in 
normal quantitative proportions. 

Although complement titer is known to undergo extreme variations in the 
course of certain infectious diseases’? the titers for all but one case studied 
here remained normal. Case 8 (J. T.) was the only patient who was acutely 
ill at the time when the blood sample was taken. Apparently the components 
of complement are maintained at a normal level even when other protein levels 
decrease. Similarly the normal opsonic index values found for deficient patients 
suggests such a condition, since three components of complement (C’1, C’2, C’4) 
together may operate as an opsonin. The variation of the natural antisheep 
antibody titers between the controls and the deficient patients is of questionable 
significance. Thus, the results of three immunologic reactions show that the 
sera of persons who are hypoproteinemie but have no infection ean maintain 
certain immunologic functions even though a rather large proportion of the 
total serum protein has disappeared. 
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Reports concerning the relationship between nutritional status and resist- 
ance to infection are at great variance. In the ease of hypoproteinemia due to 
acute starvation, hemorrhage, or surgical operation, resistance to infection is 
greatly lowered, and direct loss of antibody protein is probably the contributing 
factor. Apparently malnutrition presents a different problem, for many mal- 
nourished patients with anemia who appear to be as resistant to certain diseases 
as well-nourished individuals have been observed in the Nutrition Clinic. A 
partial explanation has been found in the increased phagocytic activity of the 
neutrophiles in patients with anemia.’* A complement to this explanation may 
be found in the results of the present study; that is, that in persons where hypo- 
proteinemia exists because of a lack of materials with which to manufacture 
serum proteins, the limited amount of materials available contributes to the pro- 
duction of certain important immunologie elements. 


SUMMARY AND CONCLUSIONS 


1. Various characteristics of the serum proteins of twenty-nine individuals 
have been studied. Seven were from apparently normal, healthy adults; four- 
teen were from hospital patients with various diseases; and eight were from 
patients with hypoproteinemia associated with nutritional anemia but showing 
no evidence of infection. 

2. Electrophoretic analysis demonstrated that the sera of the healthy in- 
dividuals compare closely with the normal values recorded by other investigators. 
The sera of the patients with various diseases showed the abnormalities usually 
observed in those diseases, while the sera of the patients with anemia and hypo- 
proteinemia differed from the normal only by a slight relative decrease in the 
amount of albumin present. 

3. Complement titers, opsonie indices, and antisheep hemagglutinin titers 
of all sera showed no significant variation from the established normal values. 

4. The gradual depletion of serum protein levels which follows chronic, 
uncomplicated malnutrition is probably a relative depletion of all types of 
protein distinguishable by electrophoretic analysis. Certain portions of the 
globulins appear to be maintained. This fact may afford a partial explanation 
of the resistance to infection shown by some persons who are hypoproteinemic 
because of dietary deficiency. 
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FOLIC ACID IN THE TREATMENT OF APLASTIC ANEMIA 


BENJAMIN R. GENDEL, M.D.* 
MEMPHIS, TENN. 


ANY authors’ ? have shown the value of folic acid in the treatment of per- 
nicious anemia and a variety of other macrocytic anemias. However, 
reports on the use of folic acid in the treatment of aplastic, hypoplastic, or re- 
fractory anemias have shown disappointing results. Watson and co-workers* 
reported their results with folic acid in the treatment of refractory ane- 
mia. They treated seven patients using 2.5 mg. twice daily for six days, 
and at the end of that time no beneficial effect was observed. Spies! found 
folie acid administration to be without effect on either the clinical or hemato- 
logie picture of three patients with aplastic anemia. Doan‘ also reported nega- 
tive results in six patients with hypoplastic anemia. The dosage used and the 
duration of treatment were not described. Zuelzer,® discussing the beneficial 
effect of folic acid in macrocytie anemia of infancy, mentioned negative results 
obtained in three children with aplastic or hypoplastic anemia. Goldsmith® 
has recently reported on the treatment with folie acid of two patients with 
aplastic anemia. One patient, a 51-year-old colored man, received 5 mg. and 
later 30 mg. of Lactobacillus casei factor daily. At the end of one month there 
had been no improvement and it was necessary to administer several blood trans- 
fusions. The second patient, an 8-year-old white boy, received 20 mg. of LD. casei 
factor parenterally for ten days and then 40 mg. daily for a similar period. 
There was no change in the blood picture. On the other hand, in 1944 Sharp 
and associates’ reported on the treatment of ten patients with refractory anemia 
who were given small daily doses of Vitamin B, (0.6 to 1.5 mg.). After a month 
there was an appreciable increase in the hematocrit but otherwise only slight 
changes, and the experiment was discontinued. Recently Davidson and Gird- 
wood’ have reported some beneficial effect following folic acid administration in 
the treatment of three patients with refractory megaloblastic anemia in whom 
adequate therapy with parenteral concentrated liver was ineffectual. Since folic 
acid has not seemed to have any therapeutic value in the treatment of aplastic 
anemia according to the experience of most authors, it would seem of value to 
record our experiences with the use of folic acid in which the apparent results 
of treatment have seemed a little more hopeful. 
In the summer of 1945 we were faced with the problem of a patient severely 
ill with aplastic anemia who was having frequent transfusion reactions. This 
patient had already received over seventy blood transfusions in the preceding 
eight months and required about 500 e.c. of whole blood weekly in order to main- 
tain a red count of 2.5 million. There had been a history of sulfonamide treat- 
ment; therefore, at the suggestion of Dr. Louis K. Diamond of Boston, we de- 
cided to observe the effects of folic acid in the treatment of this condition. 
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Later, when more folic acid was made available, two other patients were 
treated; this report summarizes the effect of this treatment and discusses the 
pertinent experimental data. 


CASE REPORTS 


Case 1.—A 29-year-old white man, a lieutenant in the Air Corps, was well until Decem- 
ber, 1944, when he developed a sore throat and fever while on shipboard en route to the United 
States. He was admitted to the sick bay, and a right tonsillar ulcer was found with regional 
cervical lymph node enlargement. A smear was reported positive for Vincent’s infection, and 
he was treated with sulfadiazine orally, a single 0.6 Gm, injection of neoarsphenamine intra- 
venously, and neoarsphenamine in glycerin topically. The patient received a total of 7 Gm. 
of sulfadiazine by Dec. 4, 1944, when, because of continued illness, a blood count was taken; 
the count revealed: hemoglobin, 7.6 Gm.; red blood cells, 2,700,000 per cubic millimeter ; 
white blood cells, 2,150 per cubic millimeter; neutrophiles, 19 per cent. Medication was dis- 
continued. On Dec. 7, 1944, a sternal marrow aspiration was done and revealed an aplasia of 
all cellular elements. Petechiae developed. Treatment consisted of repeated blood trans- 
fusions, penicillin, and pentnucleotide injections with some improvement. The patient received 
sixteen transfusions until his admission to Lovell General Hospital on Dec. 20, 1944. On 
admission the patient was still severely ill and was complaining of sore throat, weakness, and 
rectal pain. 

Past History.—There was a history of atabrine ingestion of 0.1 Gm. daily for several 
months after April, 1944. Sulfadiazine had been administered on many previous occasions for 
repeated upper respiratory infections, and in addition, sulfadiazine ointment had been used 
freely for various cuts and abrasions during the preceding year. 


Physical Examination.—A moderate pallor and a periumbilical scaly eruption were 
present. There were no enlarged lymph nodes and the liver and spleen were not palpable. 
Multiple anal fissures were present. The remainder of the examination was not significant. 
No petechiae or ecchymoses were noted on admission. 


Laboratory Data.—In Fig. 1 are summarized the blood counts taken during the patient ’s 
hospital stay. The initial marked increase in red cell count and hemoglobin found at this 
hospital was attributed to the large number of transfusions given in the short time prior to 
admission. Sternal puncture on Dec. 29, 1944, revealed a hypoplastic marrow with a depres- 
sion of the erythroid and myeloid elements and an absence of megakaryocytes. 

Course.—The patient was severely ill during most of the hospital stay which lasted 
fifteen months. He developed petechiae, ecchymoses, epistaxis, and a hematoma of the eyelid 
on various occasions. In January, 1945, ulceration of the mucous membranes of the mouth 
was noted. In May, 1945, the patient developed a hemorrhage into the right middle ear. 
During hospitalization he received penicillin for intercurrent infections and over seventy blood 
transfusions, from one to three weekly until August, 1945. During July and August, 1945, 
transfusions were accompanied by a febrile and constitutional reaction but no hemolytic reac- 
tion, Careful examination for abnormal agglutinins was done and none were found. (This 
examination was performed by Dr. L. K. Diamond at the Blood Grouping Laboratory, Boston, 
Mass.) Because of the frequency of transfusion reactions and the progressive fall in the 
blood without them, it was decided to institute therapy with folic acid* and to try to dis- 
continue transfusions. In August, 1945, all transfusions were stopped and none were given 
subsequently. Administration of folic acid, 4 mg. daily, was started. There was no reticulo- 
eytosis and no improvement in the blood picture, but the count did not drop and folie acid 
was continued. On Oct. 18, 1945, the dosage of folic acid was increased to 30 mg. daily and 
on December 6, 1945, to 200 mg. daily. During this time the red count slowly improved, 
although the leucocyte and platelet counts were essentially unchanged. In February, 1946, 
the dosage was increased to 400 mg. daily for two weeks and then was reduced to 150 mg. 





*Folic acid used in all three cases in the present study was synthetic L. casei factor 
(pteroylglutamic acid) and was given by mouth. 
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daily. Folic acid was discontinued in April, 1946. In May, 1946, a blood count revealed: 
hemoglobin, 13.8 Gm.; red cells, 4,000,000; white cells, 4,000; neutrophiles, 28 per cent; 
platelets, 54,000. The patient felt well and was ambulatory. 
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Case 2.—A 32-year-old white man, a staff sergeant, developed dizziness, weakness, and 
shortness of breath in February, 1945. Shortly thereafter he noticed persistent headaches and 
in March, 1945, developed blurring of vision which progressed to temporary loss of vision in 
the left eye. He was hospitalized for these complaints in April, 1945. 
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Past History.—The patient received four sulfadiazine tablets on two or three occasions 
in August, 1944, because of an epidemic of meningitis in the camp at which he was stationed. 
Again, prior to going overseas in December, 1944, he was given several tablets of sulfadiazine 


for an unknown reason. 
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There was no other history of exposure to toxic chemicals. 























ba 
p fre 
© 
a 462 
‘an . 
rb 2 
9 » 2% 
ro" \ 
To \ 
° . J 
u 4 , jz3 
ae v 
“4 
. > 
* Jaz 
2) 
ry 
| > 4” 
= 
478 
: b 
a 
-— Yass 
| 
' o 
qu? 
eT i { < 
2% 
oa 
w : a 
3 its 
Qu <; 
. ul 
ty ddukz 
¥ o » 
an 
uu 
«zr 
é quer 
=3 “2 nas ee 
2 BV's ° |e 28 3 3 2 
z ~ ~m ~~! > | Q Ss My °° cs 
Qa ~ g ied tr & 
Yo VW oe 9 9 
SS 2° 1S oe 0 My b e 9° 
we ~ ; €§ SS 6 8 
3 Yb toma NX 
alle 2 % 
e mee? & 9 9 
Urs Sta [sso tanag & 
z 


Physical Examination.—Hemorrhages were noted in the fundi, more marked in the left 
There was no lymph node enlargement and liver and 


eye. 
spleen were not palpable. 


A moderate pallor was present. 


There were no other significant physical findings. 


19H 


2. 


.—Summary of hematologic data in Case 


9 
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Fig. 
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Laboratory Data.—In Fig. 2 are summarized the blood counts taken during the patient’s 
hospital stay. In June, 1945, a sternal marrow aspiration revealed a hyperplasia of the 
normoblastic and myeloid elements and a normal number of megakaryocytes. Gastric analysis 
revealed 42 units of free HCl after the administration of histamine. 

Course.—The patient was given four blood transfusions and evacuated to the United 
States. Subsequently, he received transfusions about once a week from June until September, 
1945. In early September, 1945, he developed abdominal pain, slight fever of 100 to 101° F., 
tenderness of the liver, and an icterus index of 20. There was no increase in anemia nor any 
other evidences of a hemolytic crisis. The condition persisted for ten days and returned to 
normal. It was believed that the patient suffered a mild episode of homologous serum jaun- 
dice, induced by a previous transfusion. On Oct. 13, 1945, transfusions were discontinued and 
the patient was started on 30 mg. of folic acid per day. This was continued until Dec. 6, 
1945, when the dosage was increased to 200 mg. daily. On Jan. 1, 1946, the dosage was 
decreased to a maintenance dose of 15 mg. daily which was continued until February, 1946. 
On this regime the blood count fluctuated at about the previous levels, although the patient 
did not receive any of the blood transfusions which were previously necessary to maintain the 
blood count. No data are available concerning the further course. 


Case 3.—A 25-year-old white man, a technician fifth grade, was well until the middle 
of June, 1945. At that time he noted the gradual onset of fatigue. Shortly thereafter he 
developed shortness of breath and anorexia. On July 15, 1945, he fainted and consequently 
was hospitalized. 

Past History.—The patient served overseas in the Southwest Pacific Theater of Opera- 
tions for twenty-six months. The diet was considered adequate, and there were no gastro- 
intestinal complaints until the patient developed anorexia two weeks prior to hospitalization. 
Atabrine, 0.1 Gm, five times weekly, was administered during the entire stay overseas. 

Physical Examination.—A marked pallor was noted. There was a symmetrical pinkish 
sealing involving the chest, abdomen, and neck. Bluish bands were noted under the finger- 
and toenails. There was also a bluish discoloration of the skin under the eyes and over the 
right shin. A slight generalized lymph node enlargement was noted and liver and spleen were 
not palpable. The remainder of the examination was noncontributory. 

Laboratory Data.—In Fig. 3 are summarized the blood counts taken during the patient’s 
hospital stay. Fragility test was normal, icterus index was 5, and urinary urobilinogen was 
positive in 1:20. Stools were negative for occult blood. Gastric analysis revealed the pres- 
ence of free HCl. Kahn was negative. <A trephine biopsy of the sternum revealed a hypo- 
plastic marrow. 

Course.—The patient received fourteen blood transfusions of 500 ¢.c. each during July 
and August, 1945. This produced an improvement in the general condition and blood picture. 
The leucocytes and platelets became essentially normal, but the red cell count was fixed 
between 2.5 and 3.5 million. This persisted from September until December, 1945, without 
significant change, despite the administration of iron and parenteral liver. On Dec. 6, 1945, 
the administration of 200 mg. of folic acid (50 mg. four times daily) was begun. This was 
continued until Dec. 21, 1945, when the drug was discontinued. On this regime a progressive 
rise in the red count to normal was noted without any significant increase in reticulocyte 
count. After discharge from the hospital, a follow-up letter was received from the patient 
stating that he was enjoying good health and that the blood count on July 3, 1946, was 
normal, 


DISCUSSION 


The condition presented by these three patients was classified as aplastic 
anemia. Two of our patients (Cases 1 and 3) had a bone marrow which revealed 
a hypoplasia of the blood-forming elements. This, together with the peripheral 
blood picture of pancytopenia, would satisfy even the most rigid diagnostic 
criteria for this disorder. However, our second patient (Case 2) differed in 
that the marrow was slightly hyperplastic. The precise classification of this 
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type of anemia is obscure, although many authorities include them with the 
aplastic anemias.* '° It is for this reason, and as a matter of convenience, that 
our three cases are considered together. 





























> 
J 
oa 
4 
=: 
4,* 
. 
moe Gs 
je ft ¢ 
P qzu 
G00 a 
sy 2 < 
oe 3 
re J i 
—— qh 6 % 
qa F 
° 5 
' ° 
j N. ine | 
= y |" 4 
a , e 
: y 48 
: eo 
2) Pf tae 
Setiti ke tt 
eS: Ps 3 & 
~ ~ 3 $ 
x gs 8 
® 9 6 oo 9 © 0 6 0@ Q 
.U) ~ 3 e 
Mm ° ® 9 a 
es © t »" @a4 644 6 
x = 2 8 @¢ 
— i089 0 o ° 4 
wy oS ~ + a fsa h eaa 
bed z 





It was extremely difficult to evaluate the etiologic factors in the patho- 
genesis of the aplastic anemia in these patients. In our first patient there was 
a history of ingestion of a number of different medications. Atabrine was 
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taken for suppression of malaria during the summer months. However, it is 
unlikely that it was related to the development of the aplastic anemia, because 
such cases were not seen in patients from the Mediterranean Theater of Opera- 
tions where atabrine was taken only for a few months during the year. There 
was also a history of the administration of 7.0 Gm. of sulfadiazine in about 
two days. On numerous previous occasions our first patient had taken sulfa- 
diazine for a variety of infections and had abundant opportunity to develop a 
drug sensitivity. In addition, he also received an intravenous injection of 0.6 
mm, of neoarsphenamine and neoarsphenamine in glycerin was applied topi- 
cally to the tonsillar ulcer. Whether or not these drugs given singly or com- 
bined were responsible for this condition cannot be stated with any degree of 
certainty. There is a strong possibility that the patient may have had an 
aplastic anemia from the onset and that the tonsillar uleer was a manifestation 
of this disease. Unfortunately, no blood counts were obtained until after the 
drugs were administered, when it was obvious that the patient was not im- 
proving. 

The second patient also had a history of sulfadiazine ingestion, but the 
latent period was too long before the onset of symptoms for one to consider it 
seriously as a causative factor. The third patient gave a history of prolonged 
ingestion of atabrine while overseas in the Southwest Pacific Theater of Oper- 
ations. He also showed the lesions of atypical lichen planus which are cur- 
rently believed to result from atabrine toxicity.‘' Some patients with atypical 
lichen planus have also developed visceral damage including aplastic anemia.'" ‘* 
It is possible but not certain that atabrine played some role in the development 
of the condition of our third patient. 


The rationale for the trial of folic acid in the treatment of aplastic anemia 
was based on the experimental production of anemia, leucopenia, and granulo- 
cytopenia in rats on sulfonamide therapy. This peripheral blood picture was 
similar to the pancytopenia of aplastic anemia. In addition, it has been shown 
that folie acid deficiency in rats was accompanied by a progressive hypoplasia 
of the marrow with a depletion of all the marrow elements.'* In extreme cases 
aplasia of the marrow was produced. Thus, it is seen that, experimentally in 
rats, deficiency of folic acid produces an aplastic anemia. 

The results obtained in these three patients were not as striking as the 
improvement shown by folie acid-deficient rats in which there was a return to 
a normal blood picture after four days of treatment. In macrocytie anemias 
the results are also more striking, and a reticulocyte response may be demon- 
strated similar to the one obtained from adequate liver therapy. No signifi- 
cant reticulocytosis was manifest in any of these patients. In our first patient 
we were having difficulty with transfusions which he required at least once a 
week in order to maintain a satisfactory blood count. He showed a gradual 
improvement in the red count, which rose to better levels than we could main- 
tain on transfusions. Improvement was such that he was transformed from a 
bedridden patient to one who was ambulatory and capable of ordinary activ- 
ity. However, a complete remission had not been attained, as evidenced chiefly 
by the continued low platelet count and also by the persistent leucopenia and 
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granulocytopenia. In our second patient we were able to dispense with trans- 
fusions, although the count did not rise to better levels. The third patient 
already had had a partial remission, as evidenced by a normal sternal marrow 
aspiration, normal white count and differential, and normal platelet count 
prior to starting therapy with folic acid. The red count remained low after 
several months of observation and did not rise after attempts at therapy with 
iron and liver extract. Following the administration of folic acid, the patient 
had a remission which he has maintained for eight months after the completion 
of treatment. 

It is realized that the improvement of these three patients may very well 
be a coincidental spontaneous remission, and there is evidence in our third 
patient that a remission had started before folic acid was administered. How- 
ever, it is possible that folic acid may have had some beneficial effects on the 
course of the disease, and it is believed that a trial of folic acid using large 
doses over a long period of time is justified. 


CONCLUSIONS 


1. Three patients with aplastic anemia were treated with folie acid. 

2. Treatment was associated with a remission of varying degree in each 
instance. 

3. It is recommended that large doses used over a long period of time be 
given a trial in the treatment of this condition. 
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APLASTIC ANEMIA FOLLOWING ADMINISTRATION OF THOROTRAST 


Jack Spier, M.D.,*t Leiguron E. Cuurr, B.S.,* anp WituiAM D. Urry, Px.D.i 
WASHINGTON, D. C. 


INCE thorium dioxide has come to be used extensively as a diagnostic test 
for visualization of the liver, spleen, placenta, ureter, kidney pelvis, and 
certain blood vessels,”’ it is important to record in the literature any toxic 
reactions which seem to have occurred as a result of the thorium administra- 
tion. We have recently had an opportunity to study a patient with hypo- 
plastie anemia who had been given thorium dioxide in usual diagnostic amounts 
nine years previous to the development of the hypoplastic anemia; there were 
presumptive reasons for thinking that the thorium might possibly have caused 
the hypoplasia. 

Reports have appeared in the literature which indicate that thorium dioxide 
(thorotrast) might have late toxic manifestations of a serious nature. This 
toxicity may present itself with irritative or destructive effects, primarily on 
reticulo-endothelial and hematopoietic tissues; however, other tissues are in- 
volved, such as the kidney, where a nephritis has been produced experimen- 
tally. 7° Martland and associates,” *?° Gettler and Norris,* Sabin and co- 
workers," and Foulds have observed the development of osteogenic sarcoma 
clinically and experimentally from the use of radioactive materials, principally 
radium, although thorium is seen to produce similar effects. Efskind’* pro- 
duced papillomatous growths by the intraperitoneal injection of thorium. 
These same investigators, in addition to Lambin and Gérard,’ Gottlieb,® and 
Meakins,® have demonstrated aplastic anemia or hypoplastic anemia with de- 
struction and hypoplasia of hematopoietic tissue following thorium adminis- 
tration. The sarcomatous changes usually develop later than the aplastic 
anemia, the sarcoma developing between ten to twenty years and the aplastic 
anemia developing five to ten years after the administration of the radioactive 
material.® 

Martland and associates” * ?° further state that thorium is a more active 
disrupter of blood centers than radium. Investigators are cognizant that a 
patient may remain in good health for many years before toxic manifestations 
appear. Descriptions of such cases in the literature, however, are not numer- 
ous, and not all observers are in agreement that the amounts of thorium used 
clinically may be injurious.»*® The case presented here serves further to 
illustrate the evolution of an aplastic anemia following the use of radioactive 
thorium. 


Received for publication, July 22, 1946. 
*Pathology Department, the George Washington University School of Medicine. 


tPresent address: Department of Pathology, the University of Arkansas School of 
Medicine, Little Rock, Ark. 


tGeophysical Laboratory, the Carnegie Institution of Washington. 
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CASE REPORT 


A 53-year-old colored woman was admitted to the hospital] Oct. 7, 1944, with a chief 
complaint of fever and persistent headache. 

One week before entry the patient noted onset of a persistent headache. Accom- 
panying the headache there developed fever and dizziness. Shortly before this there had 
been some anorexia and weight loss. The severity of these symptoms had increased pro- 
gressively up to the time of admission. The family history was essentially negative. The 
patient had been in an automobile accident twenty-two years prior to admission, after 
which a left hemiplegia was present with left ear deafness and paralysis of cranial nerves 
VI and VII. She had typhoid fever in childhood and nine years before hospitalization 
was studied for abdominal pain, at which time liver visualization with thorotrast was done. 
We are unable to find from the record how much thorotrast was given, but there is no 
reason to suspect that it had been more than the standard dose. A diagnosis of peptic 
uleer was eventually made and a gastroenterostomy was performed. The patient’s dis- 
comfort then disappeared. The catamenia was negative. 

In the isolation department on admission, a negative spinal fluid was obtained. On 
physical examination the temperature was 99.5° F., pulse 116 per minute, respiratory rate 
25 per minute, and blood pressure 114/50. The patient appeared acutely ill. The mucous 
membranes were pale. Two large, firm nodules, 3 em. in diameter, were found, one in each 
antecubital fossa. There was a left-sided hemiplegia. The fundus of each eye showed 
marked A-V nicking and silver wire arteries. A small area of ulceration was found in the 
right tonsillar fossa. The thyroid was somewhat enlarged and nodular, and the neck veins 
were distended. Dullness and increased breath sounds were found in the middle one-third 
of the left lung area. The heart was markedly enlarged, the apex being in the sixth inter- 
space, 12 cm. from the midsternal line, and a loud, harsh systolic murmur was heard over 
the apex and entire precordium. The abdomen and the pelvis revealed no abnormal phys- 
ical signs. 

Laboratory Data.— 

Blood findings on Oct. 8, 1944, were: hemoglobin, 3.0 Gm. per 100 ¢.c.; red blood 
cells, 1.26 million per cubie millimeter (hypochromie, poikilocytie, and anisocytic); white 
blood cells, 450 to 950; hematocrit cell volume, 8 per cent; differential—lymphocytes, 88 
per cent, neutrophiles, 2, bands, 1, juveniles, 8, basophiles, 1. 

Blood findings on Oct. 10, 1944, were: red blood cells, 1.25 million; white blood cells, 
210; hemoglobin, 4.1 grams. 

Urinalysis on Oct. 9, 1944, revealed: specific gravity, 1.010; albumin, trace. 

On Oct. 9, 1944, a sternal marrow study showed marked reduction in all nucleated 
elements as well as platelets. A blood culture was negative at this time. 

On Oct. 10, 1944, an x-ray revealed a small contracted spleen and negative chest. On 
Oct. 11, 1944, blood cultures showed large gram-negative rods; additional cultures of blood 
revealed similar growths. On Oct. 12, 1944, a positive agglutination was obtained with 
Friedlinder’s bacillus Group A serum. The organism was noncapsulated. The patient 
died on this day. 

There was nothing in the patient’s history to indicate that she ever had been ex- 
posed to any hematopoietic toxin other than thorium dioxide. 

Necropsy.—The body was that of a well-developed somewhat emaciated colored woman. 
A few depigmented areas were seen over the anterior aspect of both lower extremities. 
A well-healed linear scar was found in the upper right abdominal quadrant. There was no 
cyanosis, edema, jaundice, or lymph node enlargement. Pin-point petechiae were present 
over the chest. No free fluid was found in the peritoneal or pleural cavities. There were 
adhesions between the abdominal scar and the transverse mesocolon, The liver extended 
3 em. below the right costal margin and the spleen was very small. The apex of the left 
lung was bound by stringy fibrous adhesions to the parietal pleura. The heart weighed 
320 grams and was flabby in consistency. There was no hypertrophy or dilatation of the 
chambers and the valves were negative. The coronary vessels were patent and showed 
only an occasional atheromatous plaque. The lungs together weighed 800 grams and were 
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edematous and congested, the left lower lobe showing some bronchopneumonia. The liver 
weighed 1,400 grams and was congested with slight peripheral ‘‘nutmegging.’’ Fifteen 
to twenty pea-sized, dark green calculi were found in the gall bladder; these were soft and 
friable. The spleen weighed 15 grams, had a wrinkled thickened capsule, was rubbery in 
consistency, and on section showed a delicate grayish white dense framework. The pan- 
creas and adrenals were negative. The kidneys together weighed 250 grams. Their cap- 
sules stripped easily and showed pale red surfaces. The corticomedullary ratios and de- 
marcations were not disturbed. A slight white grayish streaking was present in the 
cortices. The pelvis showed pin-point hemorrhages. The uterus had a pedunculated fibro- 
myoma, 2 cm. in diameter, and the left ovary contained a hazelnut-sized cyst. A few 
hemorrhagic areas were seen in the stomach and the large bowel on their mucosal surfaces. 
A rubbery blood clot, which was firmly attached to a hemorrhagic area, was found in the 
peripylorie region. The thyroid was enlarged and nodular. Nodules were seen which were 
encapsulated; some had undergone cystic degeneration. The bone showed osteoporotic 
trabeculae and pale gray somewhat moist marrow. 





Fig. 1.—Thorotrast in splenic pulp Fig. 2.—Thorotrast in bone marrow cells. 
(histiocytes). 


Histopathology.—The section of uterus shows a typical fibromyoma. There is lipo- 
matosis and congestion of the pancreas. Tubular degeneration and desquamation of the 
kidney with vascuolization of the glomeruli and beginning nephrolosclerosis is found. 
Seattered necrotic areas surrounded by lymphocytes are in the liver; there are however, 
no giant cells. Around these areas and about the central veins and portal fields is a gray- 
ish dark translucent pigment. Pigment is also seen in hepatic and Kupffer cells. There 
is widening of trabeculae in the spleen and marked fibrosis of the pulp. Large amounts 
of grayish dark translucent pigment are present in the pulp and capsule (Fig. 1). 

The splenic capsule is thickened and fibrotic. The lung tissues show focal areas of 
emphysema and other areas of focal fibrosis and congestion. The adrenals are partly 
autolyzed. A mediastinal lymph node contains caseous necrosis and foci of fibrosis and 
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congestion. A grayish dark translucent pigment is seen here also which does not appear 
to be anthracotic. The ovary shows focal fibrosis. The heart shows myocardial fragmen- 
tation. The bone marrow is aplastic and contains dark gray translucent pigment (Fig. 2). 

Radioactivity —The radioactivity of samples of the bone marrow and spleen 
were determined by one of us (W.D.U.). This was accomplished with a 
special design of Geiger-Mueller counter in such a way as to afford comparisons 
with standard preparations of thorium by the alpha particle plus beta ray 
count and independently by the gamma ray count. 

In addition tu these two methods of making the comparison, the tissues 
were examined in two states. For the preliminary measurements the formalin 
was removed and the tissues were dried and powdered. For the final determi- 
nations the powdered tissues were ignited at 800°C., leaving only the inor- 
ganie oxides of the radioactive and other materials. In Table I under the 
fifth column is shown a good agreement between the content of thorium oxide 
determined on the dried tissue and on the ignited residues. In Table I also 
is demonstrated an abnormally high content of inorganic material (7.9 per 
cent by weight) in the bone marrow, not all of which is thorium oxide as 
shown in the sixth column of the table. 


TABLE I. CONTENT OF THORIUM OXIDE BY WEIGHT IN TWo TISSUES FOLLOWING 
ADMINISTRATION OF THOROTRAST 














PER CENT OF 
PER CENT OF ALL OTHER 





PER CENT OF PER CENT OF THORIUM INORGANIC 
THORIUM SAMPLE IN OXIDE IN OXIDES IN 
STATE OF OXIDE IN ORIGINAL | ORIGINAL ORIGINAL 
TISSUE SAMPLE } SAMPLE TISSUE TISSUE TISSUE 
Bone marrow Dried 23.0 22.10 5.10 
Ignited 60.0 7.90 4.80 3.10 
‘ -, a 
Spleen Dried 1,2 23.20 0.28 
Tgnited 42.0 0.59 0.25 0.34 





Thorium, like uranium, is the progenitor of an established series of a 
number of radio elements. Radium is but one of these elements in the uranium 
series. The radioactivity of a sample of thorium arises largely from the dis- 
integration of a succession of radio elements each derived in turn from its 
preceding parent. In old preparations, such as the standards used here, equi- 
librium will have been established and the average number of disintegrations 
in a given time will be the same for all the members. This is not true if the 
preparation has been disturbed chemically, but it is unfortunate that, from 
the viewpoint of the clinical use of thorotrast, the radioactivity of a prepara- 
tion of thorium can never be reduced below about one-half of the maxium 
because an important member of the series (namely, radiothorium) is chem- 
ically identical with thorium itself (an isotope). 

A comparison of the gamma ray measurements and the alpha particle plus 
beta ray determinations on the tissues in this case indicated that the thorium 
oxide had been undisturbed chemically for about nine years. This caleulation 
was performed without knowledge of the case history, and it is a gratifying 
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TABLE II. DENSITY OF RADIATION 1N Two TISSUES EXPRESSED AS TOTAL EMISSION OF EACH 
Type ofr Ray Per MINvuTE PER GRAM OF TISSUE IN FORMALIN STATE 











TYPE OF RADIATION | BONE MARROW | SPLEEN 
Alpha particles 43,300 2,200 
Beta rays 25,800 1,300 
Gamma rays (primary) 28,000 1,400 





confirmation of the measurements to note that administration of the thoro- 
trast occurred 10.2 years before the date of the radioactive determinations. 

The density of the radiation to which the tissue was being subjected was 
calculated for the three types of radiation from the data in Table I and the 
known radioactive constants for the elements in the thorium series, taking 
into account the state of radioactive equilibrium after nine years. The results 
are given in Table II. 

Not all the rays of a given type in Table II possess equal energies. In 
studies of the pathologic effects of radiation a definite physical unit for the 
energy generated should be employed. Such a unit is the ergs per hour per gram 
of dry tissue. For the thorium series, after nine years, the energy per thorium 
alpha particle plus that of the alpha particles and beta rays from the decay 
products is 44 x 10° erg. The energy derived from the gamma rays is neg- 
ligible and in any case is not dissipated locally as will be discussed. On this 
basis the thorium oxide in 1 Gm. of dried bone marrow produced 123 ergs per 
hour and 1 Gm. of dried spleen 6.3 ergs per hour. Some of this energy may be 
lost to the tissue by exhalation through the lungs of the sixth element in the 
series which is a gas (namely, thoron) ; however, according to measurements on 
the exhalation of radon,’ an isotope of thoron, there could not be more than a 40 
per cent reduction in the energy of radiation received by the tissue. 

According to the literature’® ?* numerous examples of acute symptoms have 
been observed, where the dosage of radiation energy in the body tissues, for 
comparable lengths of time, was even less than in the spleen in this case. 

Radiation from thorium: Thorium dioxide, the agent used in this case for 
diagnostic purposes, is usually marketed as thorotrast, a colloidal sol of thorium 
dioxide (25 per cent). As far as radioactivity is concerned, there is no differ- 
ence, except for the numerical values of the radioactive constants, between tho- 
rium and the members of its series and uranium and its members, one of which 
is radium. ,Both series emit all of the same three types of rays, alpha particles, 
beta rays, and gamma rays. The alpha particle is a positively charged nucleus 
of a helium atom and possesses comparatively great kinetic energy by virtue of 
its mass and high velocity of 12 to 18 thousand miles per second. However, this 
energy is completely dissipated in a very short distance, not more than a few tens 
of microns in tissue. Beta rays consist of electrons of much smaller mass but 
greater velocities approaching that of the speed of light. Their maximum energy 
is on the average about %o of that of the alpha particles, but some travel up to 
14 mm, in tissue before this energy is completely dissipated. Gamma rays are 
quanta of energy, similar in all respects to x-rays except for the much higher 
frequency of vibration. They travel with the speed of light and most of them 
possess sufficient energy to pass completely through the human body. The bio- 
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logic effects of alpha, beta, and gamma rays are said to be correlated in the fol- 
lowing numerical values: 10,000, 100, and 1, respectively. 

It is important to realize from what has just been said that there is a very 
great difference between the external and internal application of one and the 
same source of radiation in the type and degree of radiation to which the parts 
of the body may be subjected. The human body ean be subjected without harm 
to surprisingly large quantities of radiating material placed in its immediate 
vicinity for short periods of time; time is an important element. The reasons 
for this are: (1) gamma rays are the only ones which effectively enter the body 
tissues on external radiation (except in the case of proximity to a cyclotron 
or fission process when a large and hazardous dose of neutrons may be experi- 
enced in addition to gamma radiation), and (2) the body receives only that 
part of the radiation within the solid angle subtended with the source. The 
same quantities administered internally have often proved fatal. 

In internal administration of material such as thorium, whose decay prod- 
ucts emit all three types of rays, the toxic effects within the body tissues are 
due almost entirely to alpha particles. The action of the gamma rays is neg- 
ligible, and by comparison with the effects of the alpha particles, the action of 
the beta rays can be dismissed as minimal. 


THE DISTRIBUTION AND ACTION OF ADMINISTERED THORIUM 


The distribution of thorium is dependent upon the route of administration. 
Following intravenous injection it is first taken up by capillary endothelium 
and then phagocytized by the cells of the reticulo-endothelial and hemato- 
poietic systems, including liver, spleen, bone marrow, lymph nodes, lungs, 
gonads, suprarenals, and placenta, but it is not transmitted to fetus.* * 2°-?? 

The excretion of the thorium is comparatively rapid from the liver and 
spleen; however, its diminution from bone marrow is extended over a long 
period of time, portions of the administered material remaining indefinitely in 
the marrow. Following disintegration of the thorium into its corresponding 
series of elements, thoron, a gaseous radio element, is eliminated by the 
lungs. Partial exeretion of the thorium dioxide takes place through the 
kidneys.* 8, 9, 16, 21 

In the liver the Kupffer cells and hepatic cells are seen to hold quantities 
of thorium, while the monocytic cells and sinusoidal spaces of the spleen con- 
tain thorium after its administration.® * % 1% 29-22 

The irritative and destructive effects with concomitant fibroblastie pro- 
liferation and regenerative hyperplasia result in replacement of normal tis- 
sues, as well as causing cell maturation arrest and interference with nuclear 
mitosis. Subsequently abnormal cellular elements appear.* *° 

The grayish dark translucent pigment found in the bone marrow, liver, 
spleen, and lymph nodes corresponds to the usual classical pathologie deserip- 
tion of thorotrast in the tissues. This histopathologic observation, as well as 
the studies of the radioactivity, demonstrates the presence of thorium in this 
ease. The mechanism of the development of aplastic anemia is well confirmed 
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in the literature as arising from the radiation of hematopoietic tissues, and it 
may be presumed that such a mechanism was operative in this ease. 


The problem remains to establish an explanation for the fact that many 
patients suffer no harmful effects following the use of radioactive material. 
We cannot offer an explanation other than that which is discussed by others, 
namely, that there is an individual susceptibility to the radiation. However, 
we do propose that, besides individual susceptibility, there may be differences 
in the mode and speed of excretion in different persons which cause retention 
of more radioactive material in some than in others. 


SUMMARY AND CONCLUSIONS 


The existence of an aplastic anemia in our ease is established beyond 
doubt. Measurements of radioactivity in the formalin-fixed tissues verify with 
equal certainty the presence of radioactive material in the body. In addition, 
histopathologic appearance of liver, spleen, and bone marrow sections reveals 
a grayish black diffusely distributed pigment within the sections, which ac- 
cording to present knowledge could be diagnosed only as being thorotrast. An 
attempt has been made to deduce that the radiations arising from the thorium 
series of radio elements could have been responsible for the aplastic anemia 
and fatality. 

The literature concerning the toxicity of radioactive materials is reviewed 
so as to demonstrate the actual occurrence of untoward effects. Also, a brief 
résumé of the action of thorium in the body is undertaken in the hope that it 
may clarify the actual participation of radioactive agents in pathologic 
changes in the body tissues. 
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STUDIES ON LEUCOCYTE GRANULES AFTER STAINING WITH 
SUDAN BLACK B AND MAY-GRUNWALD GIEMSA 


Raupu N. Bamurr, Px.D., ANp Ceci. Kimprouay, R.T. 
NEw ORLEANS, La. 


N MANY types of clinical and investigative work, it frequently becomes neces- 

sary to locate lipids in tissues. Several types of dye can be used for this pur- 
pose but those of the sudan series, particularly sudan III and IV, have become 
especially popular. When frozen sections (or other materials which have not 
been subjected to the action of fat solvents) are stained with a solution of one 
of these dyes, the lipid inclusions are specifically reddened. The density and 
shade with which these inclusions are colored depend somewhat on the technique, 
the chemical nature of the lipid, and the particular lot of dye. About a decade 
ago Lison’ discovered that still another member of this dye family, sudan black 
B, can be successfully employed as a histologic lipid stain. After treatment 
with a solution of this stain, lipid inclusions are specifically blackened. 

In his original paper Lison' discusses in detail some of the technical prob- 
lems associated with the use of red dyes. He notes that when inclusions are 
stained in red (that is, with sudan III or IV) there is no common cytoplasmic 
die which brings them into satisfactory contrast. If the inclusions are large 
and/or numerous, lack of sharp contrast is not particularly detrimental; should 
they be small and few, however, this factor adds to the difficulty of locating and 
studying them under the microscope. Optical differentiation, the author points 
out, is greatly improved by use of sudan black B, for the blackened lipid masses 
are sharply contrasted by any of the common cytoplasmic stains. 

Sudan black B has been used not only on tissue sections but also for stain- 
ing of bacterial films (Hartman? and Burdon and associates*) and blood films 
(Sheehan‘). We shall be particularly concerned with the latter type of 
preparation in the present investigations. 

In his rather brief report Sheehan‘ has noted that definitive granules of 
both mature and immature leucocytes are blackened by exposure to sudan black 
B, while other parts of these cells are unaffected. With his technique, granules 
of eosinophile leucocytes, for example, appear to stain only on their surfaces, 
giving one the impression that they are hollow in nature. This author has found 
also that some myeloblasts contain sudanophilic granules while others are en- 
tirely sudanophobic in reaction. 

The foregoing method for staining leucocyte granules is, however, of lim- 
ited usefulness because of the difficulty of accurately. identifying the cells con- 
cerned. This is especially true of immature leucocytes where finer details of 
cytoarchitecture and tinctorial reaction are prime criteria for differentiation of 
cell types. 
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It is often found that the dye combinations commonly used for staining 
blood films are not entirely adequate for study and differentiation of various 
granular inclusions in leucocytes. For this reason an attempt was made to de- 
vise a combined technique, wherein a well-standardized method (May-Griinwald 
Giemsa) was used to bring out the main structural features of leucocytes and 
a relatively new dye (sudan black B) to stain their granular inclusions. It will 
be shown later that this combined technique retains most of the advantages of the 
May-Griinwald Giemsa method and at the same time brings out granule morphol- 
ogy especially well. 

In testing this new method, paired films of normal and pathologic blood 
were made; one member of each pair was stained with May-Griinwald Giemsa 
and the other with the sudan May-Griinwald Giemsa combination. Comparisons 
then were made on leucocytes in the two types of preparation, and an attempt 
was made to determine the effects of the sudan stain. Later, some films were 
stained with sudan alone (as suggested by Sheehan) and used to check the 
findings. By these methods we were able to note that certain features of leuco- 
cyte morphology can be most profitably studied only after preparation of films 
by the combined technique. 


MATERIALS AND METHODS 


After a number of trials it was found that dried blood films can be ad- 
vantageously studied after fixation in formalin-aleohol and staining with sudan 
black B and May-Griinwald Giemsa. These films were treated in the following 
manner : 


1. Fix thoroughly dried (preferably for twenty-four hours) blood films for 
five seconds in a mixture of: 


Formalin 10% 
95% ethyl aleohol 90% 


2. Wash in distilled water and dry. 
3. Stain with sudan black B solution at room temperature for one-half to 
one hour. The solution is prepared as follows: 


a. Sudan black B powder* to saturation in 70 per cent ethyl alcohol. 

b. Preferably allow the solution to stand at least twenty-four hours be- 
fore using. 

e. If a darker staining is desired, the process can be carried out at 
37° Centigrade. 


4. Stain with May-Griinwald Giemsa in the following manner: 


a. Flood the slide with the May-Griinwald mixture and allow to stand 
for three minutes. This procedure appears to lend greater sharp- 
ness and clarity to the Giemsa stain. 

b. Cover the slide with neutral distilled water and allow to stand 
for one minute. 

e. Drain without washing. 


*National Aniline Division, Allied Chemical & Dye Corporation, New York, N. Y. 
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d. Cover with dilute Giemsa mixture (one drop of stock solution to 
1 ¢.c. of water) and allow to stand for ten to fifteen minutes. 
e. Wash in distilled water and dry. 


This procedure gives a preparation in which erythrocytes are stained slate 
gray to black. As Sheehan has already noted, these structures are markedly 
distorted when fixation is omitted but are well preserved when it is used. We 
believe that leucocytes are also more faithfully preserved after initial fixation. 
Since no new structural features of erythrocytes are brought out by the sudan 
technique, they will not be considered further at this time. 

Two main sources were used in securing blood for the subsequent studies: 


1. Repeated films were made from blood of five normal individuals. These 
films were usually stained alternately, one with May-Griinwald Giemsa and one 
with sudan May-Griinwald Giemsa, and the two types of preparation compared 
by successive studies under the microscope. 

2. Films were also prepared from several types of blood dyscrasias* : 


a. Two cases of secondary anemia. 

b. Two eases of pernicious anemia. 

c. Three cases of acute lymphatic leucemia. 

d. One case of chronic lymphatic leucemia. 

e. Five cases of acute myelogenous leucemia. 

f. Three cases of chronic myelogenous leucemia. 
g. Three cases of acute infectious mononucleosis. 
h. Two cases of pneumonia with eosinophilia. 


In using the previously mentioned preparations, no attempt was made at a 
pathologie study per se, but special attention was directed toward identification 
of individual leucocytes and examination of their granular content. 


OBSERVATIONS AND DISCUSSION 


Studies on Normal Blood.—When one examines blood films stained by 
suden black B only, he encounters occasional groups of sharply blackened gran- 
ules; only by markedly decreasing the field illumination can he determine that 
these bodies are actually enclosed by the cytoplasm of otherwise unstained gran- 
ulocytes. Despite the difficulty of using such films, they are sometimes valuable 
as an aid in examination of individual granules since they are there exposed in 
maximum contrast, that is, black against a tan, yellow, or colorless background. 
In this type of preparation one finds that the stained inclusions differ with re- 
spect to size, shape, stainability, and distribution in various leucocytes and that 
these differences are characteristic for the granulocyte cell types. 

Successive examinations of May-Griinwald Giemsa and sudan May-Griin- 
wald Giemsa-stained blood films indicate that the two types of preparations dif- 
fer only with respect to the granular content of their leucocytes. Preliminary 
fixation and staining with sudan in no wise affect the tinctorial properties of 


*These slides were furnished through the courtesy of Dr. Philip Pizzolato, Department of 
Pathology, Charity Hospital of Louisiana, New Orleans, La., and the late Dr. C. A. Stewart, 
Department of Pediatrics, Louisiana State University School of Medicine, New Orleans, La. 
The diagnoses were made by Dr. Pizzolato. 
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other cell constituents. For this reason it is possible to use nuclear architecture 
and color reaction as an aid in identifying various cells. Again, all cytoplasmic 
granules of nonspecific nature are unaltered by exposure to the sudan dye. 

After preparation of a normal blood film by the sudan May-Griinwald 
Giemsa technique, neutrophile granules are well preserved and clearly de- 
mareated from the surrounding cytoplasm. Under these conditions they ap- 
pear to be of constant size and tinctorial properties, staining slate gray. Any 
apparent variability in size or color is due to the fact that they tend to collect in 
groups within the cytoplasm, and the observer is sometimes forced to examine the 
elements in superimposed state. Such granular complexes may have irregular 
margins and deeply staining centers. When the granules are isolated within 
the cell, however, each is spherical in form and sharply demarcated from sur- 
rounding cytoplasm. 

The total number of neutrophile granules per cell varies considerably even 
under normal conditions. This variability cannot be correlated with any feature 
such as the number of nuclear lobes or total cell diameter. When few in num- 
ber, the granules tend to collect in a zone adjacent to the centrosphere, leaving 
the cytoplasmic periphery relatively clear. As their number increases more are 
erowded toward the cytoplasmic membrane. Grouping of individual elements 
may be encountered in any part of the cytoplasm. 

Granules of normal eosinophile leucocytes are well demonstrated in sudan 
May-Griinwald Giemsa-stained blood films. It is common to find eosinophile 
granules so crowded in the cytoplasm that one is sometimes forced to search for 
an isolated element. Under favorable conditions, however, each granule is 
found to consist of a deeply blackened shell and a clear, unstained core. There 
is a sharp line of demarcation between the two regions. In eosinophiles which 
have been deeply stained by the acidophilic components of the May-Griinwald 
and Giemsa mixtures, the sudanophobie cores are pink in color. 

The granules of a majority of normal eosinophiles are spherical in form. 
In a few instances, however, they are shaped into oblate spheroids or plump 
spindles. This corroborates the findings of Downey® and others for cor- 
responding granules in animal leucocytes. Either type of adspherical gran- 
ule has a sudanophilie shell of rather constant thickness and a sudanophobie 
core whose form simulates that of the granule as a whole. Especially in spindle- 
shaped forms there is a marked condensation of sudanophilic material in the 
poles of the granule; these densely blackened regions gradually merge with the 
remaining portions of the shell. 

Basophile leucocytes from normal blood are difficult to study because of 
their scarcity, but at least one was eventually located in each prepared film. 
The mast granules appear to be morphologically and tinctorially identical in 
sudan May-Griinwald Giemsa and May-Griinwald Giemsa-prepared films. As 
is well known, these metachromatic bodies are colored deeply purple or purplish 
black with the usual hematologic stain combinations. Since this color is not 
strikingly different from the gray or blue black imparted to most leucocyte in- 
clusions after exposure to sudan black B, one at first hesitates to state that mast 
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granules are entirely sudanophobie. Careful studies have been made on films 
stained with the sudan alone, however, and no basophile granules appear there 
in stained condition. We shall have oceasion to consider them again in our 
studies of pathologie blood (vide infra). 

Agranulocytes ‘(lymphoeytes of all sizes and monocytes) are readily found 
in normal blood films prepared by the sudan May-Griinwald Giemsa technique. 
These cells are identical in all particulars with those seen in preparations stained 
with May-Griinwald Giemsa alone, that is, they are quite unaffected by ex- 
posure to sudan black B. 

In any adequately stained preparation of normal blood, one is frequently 
able to find azurophilie granules in both monocytes and lymphocytes. As is well 
known, these inclusion bodies show considerable variability in size, many ranging 
downward to the lower limits of microscopic visibility. With the usual hem- 
atologie dye combinations they stain in color values from brick red to reddish 
violet. Exposure to sudan black B appears to alter their tinctorial properties 
but little. It is possible that they become darker in tone, but this change is not 
of sufficient degree to preclude the possibility of subjective error. 

Studies on Abnormal Blood.—No concerted attempt was made in these stud- 
ies to differentiate the various blood dyscrasais; attention was primarily centered 
on ¢ell identification and om examination of the cytoplasmic granules in various 
immature and pathologie leucocytes. 

Blood films from several types of secondary anemia were studied both after 
staining by the May-Griinwald Giemsa and sudan May-Griinwald Giemsa tech- 
niques. In general, no strikingly new features in their leucocyte granules were 
revealed by exposure to the sudan stain. In one ease there were numerous 
well-marked toxie neutrophiles whose granules were large and unusually baso- 
philic in reaction. These granules were readily identified in the sudan prepara- 
tions as discrete, densely blackened bodies. It will be remembered that normal 
neutrophile granules are expected to be slate gray after staining with this dye; 
thus, toxie alterations in the granules are reflected by an increase in their sudan- 
ophilie power. 

In all cases of pernicious anemia followed in these investigations, it was 
possible to identify at least a few of the so-called ‘‘ pernicious anemia neutro- 
phile leucocytes.’’ Their granules are larger than those of normal polymorpho- 
nuclear cells and tend to be more acidophilic in reaction. Treatment of these 
blood films with sudan black B reveals that the pernicious anemia neutrophile 
granules are but lightly sudanophilic, staining a light gray. Despite this mild 
chromatophilia, however, they are well demarcated and sharply outlined in the 
surrounding eytoplasm. 

Blood films from four lymphatic leucemia cases were carefully studied in 
an effort to identify accurately as many of the leucocytes as possible. It was 
found that in both acute and chronic lymphatic leucemia none of the markedly 
abnormal leucocytes were sudanophilic. Especially in the acute form there ap- 
peared greatly increased numbers of lymphocytes and lymphoeytoid cells. Some 
of these pathologic elements have basophilic cytoplasm and large, pale nuclei 
whose chromatin is laid down in a rather sievelike pattern. Nucleoli may or 








160 BAILLIF AND KIMBROUGH 


may not be present. Comparison of May-Griinwald Giemsa and sudan May- 
Griinwald Giemsa-stained slides from these cases reveals no differences in the 
previously mentioned cells. A small number of them are granulated to some 
degree. The inclusions are irregular in size, distribution, and tinectorial prop- 
erties, but in all instances they are quite unaffected by exposure to sudan. At 
least some of these pathologic lymphocytes can be identified as frank stem cells, 
and it is interesting to note that in our preparations they are invariably sudan- 
free. 

The leucocytes from eight cases of myelogenous leucemia showed marked 
variability of reaction to sudan black B stain. As was found in our lymphatic 
leucemia studies, none of the stem cells contained sudanophilie granules (Fig. 1) ; 
with few possible exceptions, the leucoblasts were also sudan-free. On the other 
hand, promyelocytes of both the neutrophile and eosinophile series were noted to 
contain sudanophilic bodies in considerable numbers (Fig. 2). 





a 


Fig. 1.—Blood film from a case of acute myelogenous leucemia. The cell on the right 
of the figure is an eosinophile metamyelocyte and the one on the left a late stem cell. The 
definitive eosinophile granules are sharply sudanophilic, while the stem cell contains no granules 
which stain with the sudan. 


The cells shown in Figs. 1 to 6 were found in blood films which had been fixed in forma- 
lin-alcohol and stained with Sudan May-Griinwald Giemsa. All are magnified 1640. 


Early neutrophile myelocytes have highly variable numbers of cytoplasmic 
granules but in all cases are somewhat sudanophilic from the time of their in- 
ception. During maturation through the myelocyte and metamyelocyte stages 
of development, these bodies increase but little in size although their staining 
power is considerably augmented (Fig. 3). As early as in the myelocyte form, 
some of the granules appear as slate-gray spheres, but the majority do not stain 
in this manner until almost complete maturation has been accomplished. Es- 
pecially in myelocytes one first notes that these granules tend to collect in 


groups. 
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Promyelocytes of the eosinophile series likewise contain sudanophilie gran- 
ules. From the time of their formation many are notably larger in size than 
their neutrophilic counterparts and can be differentiated from them on this basis 
alone. With maturation the eosinophile granules become progressively more 
stainable, but the chromatophilia is confined to their peripheries. In most 
myelocyte and in a few promyelocyte granules, one can make out the darkly 
staining shells and nonstaining cores. The sudanophilia of these shells con- 
tinues to increase until full maturation of the cell has been completed (Fig, 4). 





Fig. 2.—In this figure are shown a number of cell types in a film from a case of acute 
myelogenous leucemia in extremis. At the extreme right is a stem cell; its cytoplasm contains 
no sudanophilic granules. At the left is a late leucoblast cr early promyelocyte, probably of 
the neutrophile series. This latter cell is surrounded by a number of promyelocytes and myelo- 
cytes of variable size. Note in these cells that the developing definitive granules are densely 
sudanophilic. The intercellular debris is composed chiefly of cell fragments. 


Immature leucocytes of the basophile series are identifiable in films from 
our cases of myelogenous leucemia. Repeated studies have led us to the con- 
clusion that their granules are never sudanophilie at any stage of development. 
The mast promyelocyte typically contains granules which stain in some value of 
gray, both in the May-Griinwald Giemsa and sudan May-Griinwald Giemsa- 
stained preparations. One might consider that this shade is due to slight sudano- 
philia, but comparison of the two preparation types fails to show that exposure 
to sudan causes any change in their tinctorial properties. For this reason we 
believe that they are stained only by the secondary dye mixture. Progressive 
basophilia and metachromasia were noted as these granules appear in more ma- 
ture forms. 

One of the cases of myelogenous leucemia deserves special mention in that 
the first films of the patient’s blood were taken when he appeared at the hospi- 
tal in a sudden clinical crisis. At the time of admission the blood count indicated 
125,000 leucocytes per cubic millimeter; a few of these were stem cells and leuco- 
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blasts. Promyelocytes, myelocytes, and metamyelocytes were numerous and 
easily identified. During the course of hospitalization, the initially high leu- 
eocyte count rapidly subsided and accompanying cytologic changes could be 
followed from the blood films. 





Fig 3.—A late metamyelocyte of the neutrophile series from a case of chronic myelog- 
enous leucemia. Note the small size of the individual granules and that in some places 
granules are collected into groups. 





Fig. 4.—A large eosinophile from a case of acute myelogenous leucemia. This cell is 
almost mature and has numerous well-differentiated cytoplasmic granules. Each granule is 
composed of a deeply blackened shell and an unstained core region. 

As the crisis period neared its close, the great majority of pathologie leuco- 
eytes became involved in a degenerative process which culminated in their 
destruction and disappearance. This process was characterized by nuclear pyc- 
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nosis and cytoplasmic fragmentation. Within a period of about two weeks’ time, 
the patient’s blood picture had returned almost to normal and he was discharged 
from the institution. Periodic re-examinations of the blood revealed a slow but 
progressive increase in the number of circulating leucocytes and a rise in the 
number of immature elements. 

During the recovery phase briefly described, granules in the degenerating 
leucocytes showed marked changes in their sudanophilic power. It appears that 
the advent of cytologic disintegration is accompanied by loss of sudanophilia in 
such manner that the granules disappear while the cells are still superficially in- 
tact. This same process can be seen occasionally in isolated cells from nearly all 
leucemic blood. 






* 


‘e : 





Fig. 5. Fig. 6. 


Fig. 5.—An eosinophile taken from a case of pneumonia with eosinophilia of unknown 
etiology. In this instance the definitive granules are neither sharply demarcated nor densely 
sudanophilic. Many of the granules do not clearly show the core and shell regions. 

Fig. 6.—A monocytoid lymphocyte from a case of infectious mononucleosis in the acute 
phase. Note in the cytoplasm that there are several colorless vacuoles and various granules 
of inconstant size. These granules are entirely sudanophobic in reaction. 





Two cases of pneumonia with eosinophilia of unknown etiology were exam- 
ined in this series. The circulating eosinophiles were, respectively, 18 and 26 
per cent of the total white count. Sudan May-Griinwald Giemsa-stained blood 
films revealed that many of these eosinophiles were markedly abnormal in that 
they contained many imperfectly formed grayish granules (Fig. 5). In these 
bodies the shell and core regions were frequently undemonstrable in that the 
entire granule was weakly and diffusely stained. A few granules appeared to 
attain full maturity as expressed by normal tinctorial properties. 

Blood films obtained from three cases of acute infectious mononucleosis in 
the acute phase were alternately stained by sudan May-Griinwald Giemsa and 
May-Griinwald Giemsa techniques. As is well known, there is still some doubt 
as to the identity of certain mononuclear cells which appear in the circulating 
blood during this disease. Many investigators such as Downey and Stasney* now 
believe that these elements are pathologically modified lymphocytes. In our 
preparations we were readily able to find the coarse chromatin strands and 
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masses within their nuclei and to note that these structures were not sharply 
demarcated from the parachromatin substance. These features have been em- 
phasized already by the previously mentioned authors. The cytoplasm of the 
pathologic lymphocytes was typically basophilic in reaction, sometimes markedly 
so, and occasionally contained colorless vacuoles (Fig. 6). 


In a few instances the abnormal cells in these cases of acute infectious mono- 
nucleosis were noted to contain cytoplasmic granules of considerable size and 
number. With the usual hematologic stains, these bodies superficially resemble 
immature neutrophile or even eosinophile granules. Exposure of such cells to 
sudan black B does not alter their appearance in any respect, that is, they are 
entirely sudanophobic in reaction. It now seems probable that they are derived 
from granules of the azurophile series. 

From the preceding discussion it can be seen that sudanophilia occurs in 
many of the same leucocyte forms which are known to have positive oxidase and 
peroxidase reactions. Despite the many studies on these leucocytic enzymes, 
there is still considerable divergence of opinion as to the significance of their 
presence (see Michels’). Notwithstanding, many investigators still follow 
the concept of Naegeli® who believed that leucocytes of myeloid and lymphoid 
origins could be differentiated on the basis of the foregoing reactions. He held 
that myeloid leucocytes are oxidase and peroxidase positive while those of 
lymphatic origin are oxidase and peroxidase negative. The same general prin- 
ciple has been applied to immature forms, even to those as far back as the stem- 
cell stage. 

Other investiagtors such as Weil and Isch-Wall,® in contrast, have been un- 
able to determine that oxidase and peroxidase reactions are consistently positive 
in myeloblasts. Due to the scarcity of stem cells in some bone marrows, much 
of this investigation has been carried out on pathologie blood. For this reason 
it is frequently assumed that when these reactions are negative in cells of myeloid 
origin, the responses are prevented by pathologic changes in the affected cells. 

We have stained films of leucemic blood by the methods of Goodpasture’ 
and Graham"! for peroxidase and by the method of Schultze’? for oxidase. In 
these preparations we have studied the immature leucocytes in detail and then 
compared them with corresponding forms stained with sudan May-Griinwald 
Giemsa and May-Griinwald Giemsa methods. By these comparisons we have 
found that, with one possible exception, oxidase- and peroxidase-positive gran- 
ules are consistently sudanophilic. This exception concerns inclusions in stem 
cells. It is not uncommon, for example, to find peroxidase granules in what 
appear to be frank stem cells. These granules tend to be irregular in size and 
variably stained; as such, they might be considered as artifacts formed by 
precipitation of the dye. The most successful sudan May-Griinwald Giemsa- 
stained preparations, on the other hand, are precipitate-free, and any stem cells 
contained therein are also free of blackened granules. From these observations 
it would seem that the so-called oxidase- and peroxidase-positive granules are 
not always sudanophilic; there is still some doubt, however, as to interpretation 
of the oxidase and peroxidase positive reaction. 
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With the possible exception of those in the myeloblast, all leucocyte granules 
which are consistently oxidase and peroxidase positive are also sudanophilie and 
stain blue black or black. Because of the high degree of contrast so effected, the 
granules can be more easily studied. Again, the sudan-in-alcohol solution is 
stable over considerable periods of time; this makes frequent solution prepara- 
tion unnecessary. For these reasons it is believed that the sudan May-Griinwald 
Giemsa technique may be profitably substituted for various oxidase and perox- 
idase staining methods. 


Especially in three of our cases of myelogenous leucemia there were found 
considerable numbers of atypical granules in the various immature leucocytes. 
After preparation with May-Griinwald Giemsa, these granules are amphophilic 
in reaction and stain reddish blue or reddish violet. On the basis of their tine- 
torial reaction, then, they may be considered as modified azurophilic granules. 
In films stained with sudan May-Griinwald Giemsa, they are readily identified 
as bodies identical with those previously described, both as to size and color. 
This means that the granules in question are entirely sudanophobic. They may 
be found in medium and large lymphocytes, monocytes, and occasionally in gran- 
ulocytes as well. Most of them are smaller in size than definitive leucocyte gran- 
ules, and some are so small as to approach the lower limits of microscopic visi- 
bility. Due to the fact that with one exception, the basophile, definitive granules 
are consistently sudanophilic and nonspecific granules sudanophobie in re- 
action, the sudan technique should prove useful in differentiating the two types 
of inclusions in leucocytes. 

As far as is now known, sudan black B is a lipid-specifie stain. If this is 
true, definitive neutrophile and eosinophile granules have a lipid component 
which appears at their inception and is progressively augmented during their 
maturation. It is possible that all these granules do not contain exactly the same 
lipid substance, since some (that is, neutrophile granules) are stained in slate 
gray while others (eosinophile granules) are deeply blackened. The function 
of the lipid component is still entirely unknown, but it is invariably found in 
the normal definitive granule. Pathologic forms, on the other hand, are to some 
extent deficient in lipid content, either in quantity or in distribution within the 
granule. 

SUMMARY AND CONCLUSIONS 


Dried films of normal and abnormal blood were stained with sudan black B 
and then treated with the May-Griinwald Giemsa dye combination. The first 
stain was found to blacken specifically the definitive neutrophile and eosinophile 
leucocyte granules and to leave all other cell parts unaffected. Architectural 
features of these cells, such as nuclear pattern, can be stained by a proved method 
(May-Griinwald Giemsa) and used as an aid in cell identification. Similarly, 
the hyaloplasm is also differentially colored so that it serves as an efficient con- 
trast medium for the blackened granules. 

After exposure to the sudan stain, neutrophile granules appear as small, 
spherical slate-gray bodies. They are typically collected into groups within the 
cytoplasm. 
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Eosinophile granules are larger in size than the preceding type and are 
spherical or spheroidal in form. They are composed of a peripheral, deeply 
sudanophilic shell and a central sudanophobie core. These two regions are 
sharply demarcated from each other. 

Basophile granules are found to be sudanophobie in reaction, as are also 
azurophile elements. 

The granular content of some immature pathologie leucocytes is discussed 
briefly, especially with reference to the aquisition of sudanophilia during 
maturation. 

Several types of abnormal granules (from pathologic blood) are considered. 
It is noted that sudan black B is useful in differentiating certain § specific 
(sudanophilic) from nonspecific (sudanophobic) granules, especially when the 
two forms stain similarly with the usual hematologie dve mixtures. 
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A STUDY OF THE STERNAL MARROW AND PERIPHERAL BLOOD 
OF FIFTY-FIVE PATIENTS WITH PLASMA CELL MYELOMA 


L. W. Dicas, M.D., ANp MarRJorie S. Sirrmpce, M.D. 
CLEVELAND, OHIO 


LASMA cell myeloma is a chronie progressive disease which is characterized 

by multiple osteolytie plasma cell tumors of bone and diffuse proliferation of 
plasma cells within the marrow, The malignant cells have a predilection for the 
bones which are most active in blood cell formation, such as the sternum, ribs, 
vertebral bodies, bones of shoulder girdle and pelvis, skull, and upper ends of 
the femora and humeri. Infiltration of plasma cells takes place early in the 
course of the disease, and aspiration of material from the sternal marrow usually 
reveals significant changes. 

It is the purpose of this paper to summarize the eytologie characteristics 
of the bone marrow and peripheral blood in plasma cell myeloma, as revealed in 
the published literature and in marrow and blood films of fifty-five patients with 
the disease observed at Cleveland Clinic. The diagnosis was established by 
combined clinical, laboratory, radiologic, and marrow findings. Patients with 
unsatisfactory marrow preparations, with inadequate follow-unr, and in whom 
the diagnosis was doubtful were excluded. Patients with an increase in plasma 
cells in the peripheral blood (plasma cell leucemia) also were included in the 
series. 

The sternal marrow was collected by biopsy from one patient and from the 
others by inserting a needle into the marrow space, aspirating from 0.1 to 0.2 ¢.c. 
of fluid and making films directly, using the coverslip technique. The prepara- 
tions were stained with Wright’s stain. 


BONE MARROW 


The literature relating to the plasma cell has been well summarized by 
Maximow! and Michels,’ as have the essential clinical and pathologie features of 
plasma cell myeloma by Geschickter and Copeland.* Descriptions of the bone 
marrow films in plasma cell myeloma and the value of the procedure in diagnosis 
and differential diagnosis have been presented by Vogel and associates,‘ Rosen- 
thal and Vogel,® Seott,® Weil and Perlés,” Doan,’ Haden and Rumsey,’ Beizer 
and co-workers,’® and others. 

The number of plasma cells in bone marrow preparations from patients with 
plasma cell myeloma is variable. This is explained by the fact that the tumors 
tend to be patehy in distribution and there are varying degrees of dilution with 
peripheral blood. The sternal marrow films occasionally fail to reveal an in- 
erease in plasma cells,'® but in the majority of cases there is a significant inerease. 
The percentage of plasma cells in the bone marrow films of our series was 
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determined in each patient by noting the number while making a differential 
count of 300 or more nucleated cells. The lowest percentage of plasma cells 
was 4 and the highest 90. The percentage of plasma cells was greater than 10 
in forty-eight of the cases. The frequency distribution of cases according to the 
percentage of plasma cells is given in Fig. 1. In one patient with plasmocytoma 
of the clavicle, not included in this series, the percentage of plasma cells was 3. 

In normal bone marrow plasma cells are always demonstrable, but their 
number is less than 1 per cent. In 322 unselected bone marrow films from pa- 
tients with a clinical diagnosis other than plasma cell myeloma, the plasma cells 
were less than 1 per cent in 129 eases and less than 4 per cent in 315. 
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Fig. 1.—Frequency distribution of the percentage of plasma cells in the bone marrow from 
fifty-five patients with plasma cell myeloma. 

In seven patients the number varied between 4 and 9 per cent. In three 
of these the diagnosis was not definitely established, and the possibility of plasma 
cell myeloma was not excluded. The final diagnoses in the other four patients 
were carcinoma, agranulocytosis, aplastic anemia, and hypochromiec anemia due 
to bleeding fibroids. Plasma cell increase in the bone marrow has been described 
in chronic infections, metastatic malignaney, Hodgkin’s disease, the leucemias, 
agranulocytosis, and aplastic anemia. 


An analysis of our patients with plasma cell myeloma did not reveal any 
significant correlation between the percentage of plasma cells in the marrow 
and the duration of symptoms, the degree of anemia, the number of plasma 
cells in the peripheral blood, or the number of grams of total protein or 
globulin in the blood serum. Films with the higher percentages of plasma cells 
tended to have more cytoplasmic debris, but this likewise varied in different 
patients and in different slides from the same patient. 

Plasma cells of all stages of maturation from the earliest undifferentiated 
cells to the more mature forms were encountered. The cells were classified on 
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the basis of nuclear, nucleolar, and cytoplasmic characteristics into plasmoblasts, 
early plasma cells, and mature plasma cells (Fig. 2). 


The plasmoblast has the characteristics of other primitive cells. This cell 
is larger than the mature plasma cell and has a relatively large round nucleus 
and a light blue, unevenly staining cytoplasm. The nucleus is round and has 
a delicate chromatin pattern and one to four nucleoli. The nucleus tends to be 
eccentric; the nucleolus is usually single, very large, and well defined. The 
eytoplasmie margin is often irregular, and transition forms can be found be- 
tween this cell and the typical plasma cells. 

The early or intermediate plasma cell has a less distinct nucleolus than the 
plasmoblast, the nuclear chromatin is more compact, the cytoplasm stains a 
darker blue, the perinuclear clear zone is more distinct, and the amount of 
eytoplasm in relation to the nucleus is greater. The cytoplasm stains unevenly 
and the shape is irregular. 





| 


A 





Fig. 2.—A, Plasmoblast; B, Early plasma cell; C, Mature plasma cell. 


The mature plasma cells seen in plasma cell myeloma resemble those seen 
in normal bone marrow and in numerous other conditions. . The cell is usually 
oval and is slightly larger than the neutrophilic leucocyte. The nucleus is rela- 
tively small, eccentric, round, and has a pachychromatie structure. The so-called 
cart wheel nucleus, which is often described as being typical of this cell in tissue 
sections, is seldom seen in dried blood films stained with Wright’s stain. There 
is a prominent, relatively unstained area near the nucleus. The cytoplasm stains 
an intense blue and often has a greenish cast. In some of the cells the cyto- 
plasm may stain so darkly that no structure is visible, but in the majority of 
cells the cytoplasm has a fine, interlacing linear structure or there are ill-defined 
amorphous bluish flecks. Plasma cells are often spoken of as having a granular 
cytoplasm, but well-defined granules such as are observed in neutrophilic and 
eosinophilic myeloid cells are not seen. In some cells the cytoplasm appears 
foamy or there may be multiple vacuoles of various sizes. A collarlike layer 
of clear hyaline material may be seen sometimes at the periphery of the cell, 
or the outer portion of the cell may be light and relatively structureless with 
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hairlike bluish strands extending into this area from the darker stained central 
portion of the cell (Fig. 3D). Homogenous spherical bodies, usually acidophilic 
but staining various shades of red to blue (Russell bodies,), are occasionally 
demonstrable (Fig. 4C’). The mature plasma cell and its progenitors react nega- 
tively with peroxidase stains. 
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Fig. 4.—Photomicrographs of plasma cells in bone marrow, plasma cell myeloma. A, 
Multinucleated giant cell with vacuoles in cytoplasm and ill-defined margin, cytoplasmic debris ; 
B, plasma cell showing hairlike cytoplasmic streamers; C, plasma cell with eosinophilic glo- 
bules (Russell bodies); D, plasma cells: one with two nuclei, giant form with vacuoles, inter- 
mediate nucleus, and cytoplasmic projections, and one in mitosis. Rouleaux formation. 


The distribution of plasmoblasts, early plasma cells, mature plasma cells, 
and atypical forms in each of our patients was determined by analyzing 100 
plasma cells. The results are graphically represented in Fig. 5. It is noted that 
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plasmoblasts are present in varying numbers in forty-three cases, that the early 
forms are found in all films, and that atypical cells are present in significant 
numbers in the majority of cases. Cells showing degenerative changes were 
included with the atypical cells. 
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Fig. 5.—The distribution of plasmoblasts, early plasma cells, mature plasma cells, and atypical 
forms in fifty-five patients with plasma cell myeloma. 


In plasma cell myeloma there is evidence of increased and abnormal cell 
division. Mitotic figures are usually demonstrable and cells with multiple nuclei 
common (Fig. 4A, D). The number of nuclei in a given cell varies from two to 
six. The nuclei are characteristically separated from each other, are round or 
oval, and are of the same size; however, indented or lobulated nuclei, nuclei of 
different sizes, and nuclear fragments are sometimes seen. 

Plasma cells tend to appear in pairs or in small groups in normal marrow. 
In plasma cell myeloma there may be large nests of contiguous cells which are 
often flattened or polyhedral in shape. 
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One of the characteristics of the plasma cell as seen in normal bone marrow 
and as an exaggerated and prominent feature in plasma cell myeloma is the 
marked variation in shape of the cells and the tendency for the cells to be frayed 
and ragged in outline. These cytoplasmic projections may be short and blunt 
or long, slender, and hairlike (Figs. 3 and 4). Irregularities and fragmentation 
of the cytoplasm have been noted by various authors,’ * 711? but little emphasis 
has been placed upon this feature in descriptions of cells or in illustrations. The 
cells that have ill-defined margins and tapering tortuous filamentous streamers 
constitute from 10 to 50 per cent of the plasma cells. The streamers are char- 
acteristic of the cells at all stages of maturation but are most numerous in the 
earlier cells. It is apparent from the study of bone marrow films from patients 
with plasma cell myeloma and from nonmyelomatous conditions that plasma 
cells are fragile, that their margins are readily torn and smudged, and that 
partial disintegration is characterized by hyaline and filamentous cytoplasmic 
protrusions which merge in a nebulous manner with the background. In many 
preparations it is possible to show continuity between the cells and the cyto- 
plasmie debris (Fig. 4A). It is probable that the increased and abnormal serum 
proteins found in association with plasma cell myeloma have their origin in 
plasma cells and that the extracellular structures seen in the marrow films are 
visible manifestations of these proteins at the site of their formation. 

Plasma cells with cytoplasmic streamers are less striking in tissue sections or 
in marrow films made by techniques which require mechanical manipulation and 
delay than in films made directly. When 1 to 5 ¢.ec. of marrow are withdrawn, 
an anticoagulant is added, the material centrifuged, and the supernatant cellular 
layer mixed before spreads are made, the more fragile cells are destroyed, and 
the remaining cells tend to assume a spherical form. 

The plasma cells in plasma cell myeloma vary greatly in size as well as in 
shape. The predominant cells are larger than normal, and giant forms are often 
found (Fig. 4A and D). 

Acidophilic globules or Russell bodies (Fig. 4C) were present in the cyto- 
plasm of the plasma cells of several of our patients and have been observed by 
one of us (L. W. D.) as a prominent feature in a single case of a patient with 
plasma cell leucemia not included in this series, but these structures were not 
demonstrable in the majority of cases. No cells were observed which contained 
in their cytoplasm red cells, pigment, or other identifiable particulate matter. 

The clear zone which is characteristic of normal plasma cells is not adjacent 
to the nucleus in individual cells in plasma cell myeloma. 

There was a tendency toward a left shift in the myeloid, erythroid, and 
megakaryocytic elements, but there were no gross alterations in the maturation 
pattern of these cells. Lymphocytes constituted above 15 per cent in fourteen 
of the fifty-five cases, and the average lymphocyte percentage was 12. Eosino- 
philes were demonstrable in most films, but in no cases were they more than 4 
per cent. Histiocytes were infrequent. 

Rouleaux formation, cellular debris, and bluish background were striking 
in the majority of cases. 
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THE PERIPHERAL BLOOD 


The plasma cells in the peripheral blood of fifty-three patients were esti- 
mated by noting the number per 1,000 leucocytes. No plasma cells were found 
in twenty-six cases, and 0.1 to 0.9 per cent were observed in nineteen cases, The 
number was 1 to 3 per cent in four eases and 4, 7, 21, and 46 per cent in 
individual eases. 

The types of plasma cells found in the peripheral blood were analyzed ac- 
cording to eccentricity of nucleus, perinuclear clear zone, maturity of nucleus, 
presence of nucleoli, vacuoles in cytoplasm, and cytoplasmic streamers. The con- 
clusions drawn were that cells comparable to those found in the bone marrow 
could be found in the peripheral blood, but that the peripheral blood cells as a 
class were more mature and tended to have less irregularity in shape and fewer 
cytoplasmic tags. Occasionally cells with distinct nucleoli were observed. Many 
cells were found which were difficult to distinguish morphologically from im- 
mature and atypical lymphocytes. 

The differential count in the peripheral blood was not remarkable. There 
was a tendency toward a slight left shift in myeloid elements with occasional 
myelocytes and metamyelocytes in a few of the cases. There were occasional 
nucleated red cells. The platelets were normal in most of the eases but tended 





to be decreased in the terminal stages or in association with leucemie states. 

Morissette and Watkins'* considered that the blood film was of aid in the 
diagnosis of plasma cell myeloma and stressed the importance of greasiness of 
the film, anemia, excessive rouleaux formation, immature erythrocytes and leuco- 
cytes, lymphocytosis, eosinophilia, and the presence of ‘‘myeloma’’ and atypical 
plasma cells. 


The suspicion of plasma cell myeloma has occasionally been aroused in our 





laboratory by the finding of exaggerated rouleaux formation and by an increase 
in plasma cells, including early and atypieal forms. Rouleaux formation, on 
the other hand, is a common and nonspecific finding. Atypical and early cell 












types and plasma cells in small numbers are often observed in nonmyelomatous 
conditions. 


DISCUSSION 


Individual atypical plasma cells closely resemble and may be impossible to 
distinguish from individual erythroblasts, early myeloid cells, and lymphocytes, 
but the cell maturation sequences of the various cell types are different, and 
there is little difficulty in distinguishing the plasma cells as a group from 
myeloid, erythroid, and lymphoid groups. Cells of the myeloid series have 
definite and well-defined granules, whereas plasma cells have a mottled appear- 
ance or linear cytoplasmic structure. Myeloid cells as a class have a smooth 
margin and seldom have a prominent unstained area near the nucleus, where- 
as plasma cells have irregular shapes and a clear zone adjacent to the nucleus. 
The peroxidase stain may be helpful in making the distinction between cells 
of the myeloid and plasma cell types. Erythroblasts and atypical lymphocytes 
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may have cytoplasm which stains darkly, but these cells as a rule have a 
relatively large nucleus, the clear zone is not prominent, there are not likely 
to be vacuoles or spongy cytoplasm, and there are seldom cytoplasmic streamers 
extending from the periphery of the cell. 

All of the patients with myeloma in our series were of the plasma cell 
type. Early myeloid cells were found in many films; however, this was not 
accepted as evidence for the myeloid type of myeloma, for there were no 
demonstrable transitions between the myeloid cells and plasma cells. Myeloid 
cells are normal bone marrow constituents, and these cells are to be expected 
in varying numbers in any malignancy involving the marrow. In our opinion, 
to call a plasma cell myeloma a myeloid myeloma because there are myeloid 
cells also present is as illogical as it would be to call a myeloid leucemia a 
plasma cell leucemia because there are plasma cells demonstrable. 


In the literature there are frequent references to the ‘‘myeloma cell’’ 
as if there were one cell type distinctive of the disease. The descriptions of 
the so-called ‘‘myeloma cell’’ vary in minor details but in general are those 
described previously as plasmoblasts, the essential features being an early cell 
with a round eccentric nucleus containing a large and well-defined nucleolus.'* *° 
The demonstration of plasmoblasts and the presence of large numbers of these 
very early cells is of great value in the diagnosis of malignaney of the plasma 
cell type, but there is little justification for picking out this one cell in a 
sequence and giving to it a nondescriptive and nonspecific name. 

It was possible to find in the bone marrow preparations from patients with 
plasma cell myeloma transitions between the plasmoblasts and undifferentiated 
fixed tissue cells of the reticulum type. Our observations lend support to 
the thesis held by many workers that the plasma cells arise from primitive 
reticulum cells and exist as a specific and distinctive strain of cells. 

It is apparent that there is no sharp line of demarcation between the 
solitary plasmocytoma, plasma cell myeloma, and plasma cell leucemia, for the 
types of cells found in these three conditions are similar, there are all degrees 
of variation, and the same patient may exhibit all three features of the disease 
in different stages of the process. 

The bone marrow examination is useful not only in confirming or making 
the diagnosis of plasma cell myeloma but in differentiating this disease from 
other diseases. The finding of a normal or only slightly increased number 
of plasma cells which are of a mature type is of great value in ruling out 
plasma cell myeloma. In doubtful cases the repetition of the marrow examina- 
tion at a later date or puncture at a different level of the sternum is indicated. 


SUMMARY 
Films made from the sternal marrow of fifty-five patients with plasma 
cell myeloma revealed: 
1. Increased cellularity. 
2. Relative and absolute increase in plasma cells, 4 to 90 per cent, with 
more than 10 per cent in forty-eight cases. 
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3. Increased number of plasmoblasts and early plasma cells and plasma 
cells in mitosis. 

4. Grouped plasma cells. 

5. Nuclear abnormalities in plasma eells: 

(a) Multiple nuclei 
(b) Nuclear fragments 
(ce) Indented and lobulated nuclei 

6. Cytoplasmic abnormalities in plasma cells: 

(a) Displacement or absence of relatively unstained areas in some of 
the cells 

(b) Variations in size with tendency toward large forms 

(ec) Marked irregularities in shape with blunt and hairlike cytoplasmic 
projections and tortuous and ragged cytoplasmic streamers; eytoplas- 
mie debris 

7. Relative and absolute decrease in myeloid, erythroid, and megakaryo- 
eytic elements with a tendency toward immaturity. Slight lymphocytosis. 
Eosinophiles usually demonstrable. 

8. Rouleaux formation. 

Plasma cells with eosinophilic globules (Russell bodies) were demonstrable 
in several cases but were not observed in the majority. 

No plasma cells were found in the peripheral blood films while 1,000 
leucocytes were counted in twenty-six of fifty-three cases; less than 1 per cent 
were found in nineteen, 1 to 3 per cent in four, and more than 4 per cent in 
four. Plasma cells in the peripheral blood were similar to those found in the 
bone marrow but tended to be more mature and less irregular in shape. 

No instances of myeloid, erythroid, or lymphocytic types of multiple 
myeloma were observed. 

The cells described in the literature as ‘‘myeloma cells’’ have morphologic 
characteristics of early plasma cells. The term ‘‘myeloma cell’’ should be dis- 
continued, for it is nonspecific and nondescriptive. 

This study lends support to the following theses which have been proposed 
by others: 

1. Plasma cells arise from reticulum cells. 

2. Plasma cells constitute a distinct strain of cells morphologically different 
from myeloid, lymphoid, and erythroid types. 


3. There is no sharp line of demarcation between solitary plasmocytoma, 
plasma cell myeloma (multiple plasmocytoma), and plasma cell leucemia. 
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THE INFLUENCE OF HEAT AND FORMALIN UPON 
THE RH AGGLUTINOGEN 


HersBert H. Lusinsk1, M.D., anp JoSEPpH C. PortNurr, M.D. 
MONTREAL, QUEBEC 


URING the course of a series of experiments on the Rh factor, differences 
between the Rh agglutinogen and the A and B agglutinogens were noted in 
regard to their sensitivity against heat. It was observed that red cells suspended 
in saline and heated to 56° C. lost their agglutinability by anti-Rh serum, where- 
as the agglutinability of these red cells by anti-A and anti-B sera was apparently 
not affected. To corroborate these chance observations the following experi- 
ments were performed. 

Freshly drawn Rh-positive cells of good agglutinability were washed three 
times and then resuspended in normal saline to a 214 per cent concentration. 
From this stock suspension 2 ¢.c. each were then transferred into a series of small 
tubes equal in regard to size, lumen, and thickness of wall. The tubes were 
stoppered with corks and placed in a water bath at 56° C. for periods ranging 
from five to twenty minutes; after heating, the tubes were cooled immediately. 
The red cells were then tested in the usual way for their agglutinability by 
adding 2 drops of the cell suspension to 2 drops of undiluted serum. After 
shaking, the mixtures were placed in the incubator for one-half hour and 
centrifugalized for one minute at a speed of 1,200 r.p.m. The results were read 
with the help of a magnifying glass. 

It is shown in Table I that, increasing with the period of heating, the 
agglutination by anti-Rh serum is diminished or rendered negative, whereas 
the agglutination by anti-A and anti-B sera remains unchanged, that is, 4 plus. 

Different strains of red cells behaved differently, in so far as some were 
more affected by the heating process others less. 

Since each experiment was finished on the same day that the blood was 
drawn, the differences between the various strains cannot be attributed to an 
aging process of the red cells. 

In a second series of experiments the reactivity of heated red cells was 
tested against anti-Rh agglutinating serum, anti-Rh blocking serum and anti-A, 
anti-B, anti-M, and anti-N sera. The technical procedure was the same as has 
been described, with the exception that the washed red cells were resuspended in 
saline as well as in 30 per cent albumin made from bovine plasma. This was 
necessary for the test with blocking sera. 

Given in Table II is an example of such an experiment. It shows that after 
five minutes heating the red cells become inagglutinable by anti-Rh agglutinat- 
ing as well as anti-Rh blocking serum, whereas the agglutination by anti-B and 
anti-N sera remains unaffected after twenty minutes, is slightly diminished 
after one hour, and is still present, though weakened, after two hours of heating. 
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TABLE I 
TESTED AGAINST | MINUTES KEPT AT 56° C. UNHEATED 
SERUM oo 10 | 15 | 20 CONTROL 
Red Cells, Group A 
Anti-Rh, - ~ - - 4+ 
Anti-A 44 44 4+ fe te 
Red Cells, Group A 
Anti-Rh, 4+ 2+ 1+ - 44+ 
Anti-A 4e 44 44 44 4+ 
Red Cells, Group B 
Anti-Rh, 3+ o. Pa 1+ 44 
Anti-B 4+ 44 44 4+ 44+ 
4+ — Red cells clumped to a disk, which is not dissolved by slight shaking. 


— = No agglutination. 


TABLE II. RED CELLS, Group B 





























TESTED AGAINST RED CELLS | MINUTES KEPT AT 56° C. CONTROL 
SERUM SUSPENDED IN| 3 5 | 10 | 20 | 60 | 120 UNHEATED 
Anti-Rh, (agglutinating) Saline 3+ - - - : ; 4+ 
Albumin 3+ - - - , : 4+ 
Anti-Rh, (blocking) Saline - ~ - - : F - 
Albumin 2+ - - - . ; 4+ 
Anti-B Saline 44+ 4+ 4+ 4. : 4+ 
' Albumin 4+ 4+ 4+ 4- 3+ 2+ 4+ 
Anti-N Saline 44 4e 4+ ty : : 4+ 
Albumin 44+ 44 4+ fe 3+ 2+ 44 
TABLE III 
TESTED AGAINST | FORMALIN CONCENTRATION PER CENT 
SERUM | 0.1 | 0.2 | 0.3 | 04 | 05 | 0.6 | 0.7 | 0.8 | 0.9 | 1.0 CONTROL 
Red Cells, Group AB 
Anti-Rh, 44+ 3+ 14 - - ~ - - - - t+ 
Anti-B 44 4+ 4+ 4 4+ 4+ 1+ 1+ 1+ ~ 4+ 
Anti-A 44 4e t+ 44 4+ 4+ 2+ 1+ 1+ - 4+ 
Red Cells, Group A 
Anti-Rh, 2+ 1+ + - - ~ - + - - 4+ 
Anti-A 4+ 44 4+ 4+ 4+ 4+ 4+ t+ ++ 4- t+ 





Heating periods of one hour and longer were possible only with red cells 
suspended in albumin. Red cells suspended in saline were almost completely 
hemolyzed after twenty minutes’ heating, at which time the cells in albumin did 
not show any signs of hemolysis. The fact that the red cells lost their reactivity 
with agglutinating as well as with blocking serum supports Wiener’s conception 
that all Rh antibodies (univalent and bivalent) act upon the same cell receptor. 

In a third series of experiments the influence of chemicals upon the Rh factor 
compared to the A and B factors was studied. Out of several substances which 
had been tested, the only one which produced a selective effect was formalin. 

Red cells washed three times were resuspended in normal saline containing 
different amounts of formalin, the final concentration of the latter ranging from 
0.15 to 1.0 per cent. The formalinized red cell suspensions were kept in the 
refrigerator overnight ; the next morning the agglutinability was tested. 

Two examples of the findings are given in Table III. From these it can be 
seen that formalin in low concentrations inhibits the agglutination by anti- 
Rh serum. The agglutination by anti-A and anti-B sera is not or is to a lesser 
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degree affected. Concentrations higher than 1 per cent have an inhibiting effect 
upon the agglutination by anti-A and anti-B sera as well. 

Since increasing the length of heating time has a hemolyzing effect upon 
red cells suspended in saline, a control experiment was set up in which hemolysis 
was produced by lowering the NaCl concentration of the suspending solution 
(fragility test). Red cells were suspended in 0.4 per cent saline which, it was 
found, produced a distinet but not complete hemolysis. However, the partly 
hemolyzed red cells gave the same 4 plus reaction with anti-A, anti-B, and 
anti-Rh sera as the control. Therefore, the loss of agglutinability by anti-Rh 
serum is not caused by the process of hemolysis accompanying the heating. 

It is known that heated red cells are less agglutinable by weak anti-A and 
anti-B sera. However, the titers of the used anti-A, anti-B, and anti-Rh sera 
were the same—4ox; the titer of the Rh blocking serum was M%p, and the titer of 
the anti-N serum was 14. Therefore, the differences in the agglutinability be- 
tween heated and nonheated cells cannot be explained by weakness of the anti- 
Rh serum. 

One may only speculate about the cause of the described observation. Since 
a similar difference is known to exist between the H and the O agglutinins of 
some bacilli and since this difference is connected with the location of the 
agglutinogens, it may be that the A and B and the M and N agglutinogens are 
situated within the cells, whereas the Rh agglutinogen may be located on the 
surface. It may be that the Rh agglutinogens are less numerous than the 
others, as suggested by Wiener,? and therefore are destroyed faster. A third 
possibility is a difference in the chemical structure of the different agglutinogens. 


SUMMARY 


Heating of red cells to 56° C. for five to twenty minutes diminishes or 
destroys their agglutinability by anti-Rh agglutinating and blocking sera, 
whereas the agglutinability by anti-A, anti-B, anti-M, and anti-N sera is 
apparently not affected. 

Addition of formalin (0.1 to 1.0 per cent) to red cell suspensions reduces the 
agglutinability by anti-Rh serum much more than the agglutinability by anti-A 
or anti-B sera. 


While this paper was being prepared for publication, Calvin and associates? reported 
upon a similar investigation in which the same conclusions were arrived at regarding the 
heat sensitivity of the Rh antigen. They suggest a protein denaturation as a basis for the 
destruction of the antigen. 
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BENZIDINE-NEGATIVE STOOLS DURING IRON THERAPY 


STEVEN O. ScHwartz, M.D., Cuicago, Itu., aNp LIEUTENANT CHARLEs S. VIL, 
MepicaL Corps, ARMY OF THE UNITED STATES* 


HE possibility that the administration of iron salts to patients with suspected 

gastrointestinal bleeding will interfere with the benzidine reaction of the 
stools is of considerable practical importance. Our interest in this problem was 
enhanced by the clinical significance of the question, since it is the patient with 
possible gastrointestinal bleeding who most often is in need of iron therapy. 
The present study was undertaken in an attempt to clarify this point. 

Neither the literature nor laboratory texts offer a definitive answer. 
Ogilvie* believe that iron compounds do not interfere with the benzidine test 
and suggested that the exclusion of meat, excepting in large quantities, was un- 
necessary. Johnson and Oliver* found false-positive benzidine reactions follow- 
ing the administration of considerable amounts of meat, but the benzidine test 
was negative on iron administration. In their series seven of the patients re- 
ceived 12 gr. of ferrous sulfate and nine received 30 grains. Bell,! on the other 
hand, found the benzidine test more sensitive than the guaiae test and recom- 
mended that iron compounds, as well as iodides, be eliminated from the diet 
during search for occult blood. Burger? concluded, from the two cases studied, 
that iron and ammonium citrate do not interfere with the guaiae test but that 
the benzidine test is consistently positive due to the administered iron. 


MATERIAL AND METHODS 


Nineteen young women patients, known to be free from gastrointestinal disease, were 
used in the experiments. In these patients twenty-eight series of observations were made 
as follows: four during ferrous sulfate administration; seven during ferrous sulfate and cop- 
per sulfate administration; six receiving Iberin; one getting Ovoferrin; two while on high- 
iron, meat-free diets; and eight eating high-meat diets.t In most cases meat-free diets 
were started and two or three successive negative stools were awaited before iron therapy 
was begun. All patients were kept on the test substance for at least five days, during 
which time they remained on meat-free diets. Stools were tested before, during, and 
after the therapy period. 

In examining for blood a portion of feces from the center of the specimen was spread 
out on a piece of white absorbent paper; to this a few drops of freshly prepared benzidine 
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+The iron preparations were administered in the following dosage: Ferrous sulfate tab- 
lets 0.3 Gm., t.i.d.; Cofron tablets, 2, t.id. (solution ferric pyrophosphate, 3.35 gr. copper sul- 
fate, 0.0606 gr. per tablet); Iberin capsules, 3, t.id. (iron and ammonium citrate, 5 gr. 
thiamine hydrochloride, 0.375 mg.; riboflavin, 0.125 mg.; nicotinamide, 5 mg.; liver concen- 
trate, 4 gr. per capsule) ; Ovoferrin, 4 drams, tid. (3.9 gr. of “ovoferrin, a form of colloidal 
iron” [65 mg. iron] per dose). 

The diets were approximately the following: The general ward diet contained about 75 
to 80 Gm. of protein and 13 or 14 mg. of iron. The high-iron, meat-free diet contained about 
90 to 100 Gm. of protein and 20 to 25 mg. of iron. Special attention was given to large serv- 
ings of whole wheat and oatmeal cereals, eggs, vegetables, (as green peas), fruits (as apri- 
cots, peaches, prunes), and bread. The meat-free diet contained about 70 Gm. of protein and 
10 to 15 mg. of iron. It was similar to the general ward diet, but milk and eggs were sub- 
stituted for meat. The high-meat diet contained only 80 Gm. of protein and 14 mg. of iron, 
but this was derived mostly from meat sources. 
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solution were applied. The benzidine solution was prepared by adding 5 c.c. of glacial 
acetic acid to 2 gr. (approximately equivalent to the amount of powdered benzidine on a 
knife tip) of powdered benzidine in a clean, dry test tube. When this was partially or 
completely dissolved, 214 c.c. of hydrogen peroxide were added. The same reagents were 
used throughout the determinations, and the benzidine solutions were frequently tested 
with blood diluted in water and stools known to contain occult blood. The benzidine test 
was interpreted as follows: plus, thirty seconds or more for the development of a bluish- 
green reaction; 2 plus, fifteen to thirty seconds for the development of a bluish-green 
color reaction; 3 plus, five to fifteen seconds; 4 plus, immediate development of the color 
(less than five seconds). 


DISCUSSION 


Stools from only eight patients were obtained on the first day of a meat- 
free diet. Of these stools four were positive for blood. One patient had 
benzidine-positive stools the second and third days as well. The others had 
benzidine-negative stools after the first day. Five out of eight patients who 
were placed on high-meat diets developed benzidine-positive stools. In these 
patients the benzidine test became positive twenty-four to forty-eight hours 
after the meat was added to the diet and remained intermittently positive during 
the period of observation. 

The eighteen patients who received some form of iron therapy received it 
over a period of 118 days. During this time eighty-one stool examinations were 
performed. In this series only one stool (Patient 10) was found to be benzidine 
positive during iron administration (Table I). 


SUMMARY AND CONCLUSIONS 


1. Eighteen patients on meat-free diets were given various iron prepara- 
tions in therapeutic doses. The stools, with a single exception, remained neg- 
ative to the benzidine test. 

2. Stools became negative to the benzidine test in a maximum of three days 
on meat-free diets. 

3. The majority of patients tested had benzidine-negative stools even on 
normal diets. 

4. High food-iron, but meat-free diets did not produce stools with positive 
benzidine reactions. 

5. High-meat diets frequently gave positive stoo] benzidine reactions within 
twenty-four to forty-eight hours of their initiation. 
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HYPERPARATHYROIDISM AND PARTIAL HEART BLOCK 


SHoLtom O. Waire, M.D. 
BaTIMoreE, Mp. 


HE effect of alteration in the level of serum calcium on the heart, as evi- 

denced in the electrocardiogram, has been known for some time. Hypocal- 
cemia leads to a prolonged electrical systole, a prolonged Q-T interval,’ 2 while 
hypercalcemia leads to a short Q-T interval.’ * 

The effect of serum calcium changes on the P-R interval is less clear. Gold 
and Edwards‘ injected parathyroid hormone into dogs and found varying de- 
grees of heart block. Others® injected calcium chloride into dogs, or man, and 
found among other things recurring A-V block. Atropine was found to pre- 
vent the prolongation of the P-R interval when calcium was given to rabbits,® 
showing that calcium stimulates vagal activity. Furthermore, in guinea pig 
heart perfusion experiments, Spealman’ found that the P-R interval lengthened 
as the calcium ion concentration in the perfusate increased. The Q-T interval 
was altered (lengthened) only when the calcium concentration decreased. 

On the other hand, Segall and White® and Berliner® reported no prolonga- 
tion of the P-R interval when calcium was injected into man. However, one pa- 
tient with hyperparathyroidism (blood calcium of 19.2 mg. per cent) had a 
P-R interval of 0.23 second which returned to normal after removal of an 
adenoma.® 

This case is reported because of the marked degree of heart block which 
persisted for some time after a parathyroid adenoma was removed and after the 
serum calcium fell to subnormal levels. The duration of electrical systole, on 
the other hand, varied with the serum calcium. 


CASE REPORT 


R. C., a 17-year-old boy, who had completely recovered from acute nephritis at the age of 
12, developed fatigability, low back pain, and three months later aching in the thighs. Later, 
polyuria, nocturia, and pain on mastication were noted, and ten months after the ogset a frac- 
ture of the right humerus occurred. This led to x-ray studies, with the discovery of typical 
osteitis fibrosa cystica and diffuse demineralization of all bones. 

The only noteworthy physical findings were the high pulse pressure, with a blood pres- 
sure of 154/50 mm. Hg, and the vigorous heart action, with no sign of an aortic valve lesion 
or cardiac enlargement. Most observers failed to feel a nodule in the area of the lower pole 
of the right lobe of the thyroid, but this was noted by Dr. E. Goetsch who removed a para- 
thyroid tumor measuring 2.5 by 5 by 2.5 cm. and weighing 14.5 grams. 

Laboratory examination of the blood and urine was negative except that the patient had 
marked calcinuria, 1.2 Gm. per twenty-four hours, after three days on a low calcium diet. 
The normal output on that regime is less than 0.2 gram. The preoperative serum calcium was 
17, phosphorus 1.8, and alkaline phosphatase 32.2 mg. per cent. The electrocardiogram on 
admission to the hospital revealed a P-R interval of 0.38 second. 

The levels of blood calcium, phosphorus, and alkaline phosphatase and the duration of 
the R-R, P-R, and Q-T intervals are shown in Table I. 
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Thus it can be seen that as the serum calcium returned to normal on the 
third postoperative day the P-R interval shortened from 0.38 to 0.24 second. Six 
days after operation the P-R interval was 0.20 second, while the serum caleium 
was falling from 8.5 to 7.5 mg. per cent. However, with a subsequent fall in 
caleium concentration, the P-R interval was maintained at about 0.24 second, 
until three weeks after operation when it was 0.21 second. At that time the 
serum calcium concentration was 8.0 mg. per cent. 

It is true that at slower cardiac rates the P-R interval may be somewhat 
lengthened, but the P-R interval changes in this case are much greater in mag- 
nitude than those related to heart rate. Furthermore, regardless of rate, the 
P-R interval should not exceed 0.20 second at rates under 70 per minute. 

It seems obvious that the prolonged hypercalcemia had produced changes 
in the A-V system which reverted slowly to normal in the weeks after operation. 
The Q-T interval varied as expected, short in relation to heart rate (R-R) with 
hyperealeemia and prolonged with hypocalcemia. 

Parenteral atropine in doses of 0.6 to 1.2 mg. had no effect on the pro- 
longed P-R interval. 

DISCUSSION 

It is generally admitted that the formulas relating normal Q-T intervals 
and heart rate are not satisfactory, witness the numerous new formulas’® 
(Table II). If Hegglin and Holtzmann’s formula" is used, the patient had a 
Q-T interval within the normal range preoperatively in spite of marked hyper- 
caleemia. This Q-T interval of 0.29 second would also be just within the range 
deseribed by White and Mudd.” At any rate it is clear that the chief alteration 
was in the prolonged P-R interval, 0.38 second. 


TABLE II. EXPECTED Q-T INTERVALS BASED ON HEART RATE ACCORDING TO VARIOUS 
FORMULAS 

















| DATE 
Q-T INTERVALS 3/14 | 3/18 | 3/21 3/24 

Actual .29 34 6 41 
Expected : 

Schlamowitz1° .309 319 317 aon 

Hegglin and Holzmann!! 324 + .04 335 + .04 333 + .04 369 + .04 

Ashman!4 33 .34 .34 369 

Bazetti5 .308 32 By 35 

Frederica16 337 345 34 367 





The experimental evidence for A-V block due to hypercalcemia is found in 
the isolated fiber technique,’* in which it was shown that increases in calcium 
concentration eventually produced neuromuscular block. Excess of ionized 
calcium gradually blocked nerve-muscle transmission by lowering the electrical 
excitability of the muscle fiber adjacent to the end plate. However, this would 
not explain the persistence of the prolonged P-R interval while the serum calcium 
fell to levels producing latent tetany. 

The prolonged P-R interval was probably not due to a vagal effect, as 
atropine in doses sufficient to cause mydriasis and dryness of the mouth did not 
alter it. This, then, differs from the form of heart block associated with calcium 
reported by Hoff and associates.° The cause of this heart block is unknown. 
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SUMMARY 


A ease of hyperparathyroidism is presented. It shows marked prolongation 
of the P-R interval and the expected increase in duration of systole with fall in 
serum calcium. 








Fig. 1.—Electrocardiograms. Limb leads. (A) Preoperatively. In this film the stand- 
ardization was inadvertently doubled so that 1 mv. gives a deflection of 2 cm. (B) Postopera- 
tively, %s. (C) Postoperatively, %:. (D)Postoperatively, %,. (H) Postoperatively, %7. 
Postoperatively, %. 
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These two phenomena are independent of each other, as evidened in Fig. 


1D and Fig. 1£, in which a prolonged P-R interval (0.24 second) was found 
together with abnormally long Q-T intervals, when the serum calcium was below 
8 mg. per cent. 


Incomplete heart block may be found in the presence of hypercalcemia. 


It may not completely disappear when the serum calcium level returns to normal 
or subnormal levels. Atropine did not alter the P-R interval in this case. The 
effect of changes in blood calcium on the P-R interval is still obseure and needs 
further study. 
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SENSITIVITY OF EBERTHELLA TYPHOSA TO PENICILLIN 
FRACTIONS G AND X 


HENRY WELCH AND W. A. RANDALL 
WASHINGTON, D. C. 


ARIOUS investigators have shown the increased effectiveness of penicillin 

X over other types of penicillin in inhibiting the growth of various or- 
ganisms in vitro and in exhibiting an increased protective action in vivo.’* 
This increased activity of penicillin X is not only directed against organisms 
which are highly sensitive to penicillin but also applies to gram-negative bacilli 
such as Klebsiella pnewmomae' and Escherichia coli? which are relatively re- 
sistant. The strain of Esch. coli used by Libby and Holmberg? was inhibited 
by 133.9 units of penicillin G and by 46.875 units of penicillin X. Recently, 
Bigger* has shown that Eberthella typhosa is inhibited in the test tube by peni- 
cillin and that this action of penicillin is potentiated by sulfathiazole. Evans’ 
reported that most of the sixty-four strains of E. typhosa tested were inhibited 
by 5 to 10 units of penicillin. Clinical confirmation of Bigger’s work was ob- 
tained by McSweeney® who treated several cases of typhoid fever with a com- 
bination of penicillin and sulfathiazole. Relatively large doses of penicillin 
were used, 10,000,000 units being given over a period of four days, in combina- 
tion with 34 Gm. of sulfathiazole. In some cases this regimen was repeated, 
and encouraging results were obtained. While this dose of penicillin appears to 
be large when expressed in units, actually it is rather small when expressed in 
grams. Ten million units of penicillin are equal to only 6 Gm., and this was 
given over a four-day period (1.5 Gm. per day). Actually over five times as 
much sulfathiazole as penicillin was administered. Owing to the low toxicity of 
penicillin it can be given in quantities which will result in blood levels of 40 to 
80 units per cubic centimeter of serum. It is, therefore, logical to treat diseases 
in which the infecting organism is susceptible to amounts of penicillin which 
ean be maintained in the blood stream by giving large doses of the drug. In- 
deed, in view of the results obtained in syphilis by Lloyd-Jones and Allen’ with 
a single daily injection of penicillin, there is some question as to the necessity of 
maintaining high levels over long periods of time. In view of the interest in the 
treatment of typhoid fever with penicillin, it seemed pertinent to report some re- 
sults obtained several years ago on the action of penicillins G and X on E. 
typhosa. 

Two methods were used for determining sensitivity. The first was a serial 
dilution method in which dilutions of both of the penicillin fractions and culture 
under test were made in broth. The inoculum consisted of a 1 per cent dilution 
of an overnight broth culture of the organism in the test medium. The tests 
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were incubated in a water bath at 37° C. and results read at six hours and again 
at twenty-four hours. The end point was the smallest amount of penicillin re- 
sulting in complete inhibition of growth. Twenty-nine strains of E. typhosa 
were studied using the serial dilution technique. The second method was a 
eylinder plate assay similar to that described for Staphylococcus aureus,’ ex- 
cept that instead of the latter organism the various strains of E. typhosa were 
used as the test organism. Since five strains produced unsatisfactory growth in 
the seed layer, only twenty-four cultures were tested by this technique. The 
plate method employs two dosage levels of penicillin, 5 and 20 units (ratio 1 
to 4). The penicillin G (370 units per milligram) was considered to be the 
standard and the penicillin X (900 units per milligram) was treated as the un- 
known. The potency of penicillin X was computed according to the method of 
Knudsen and Randall.® 

The penicillin G was the F.D.A.* working standard which had a potency 
of 370 units per milligram when compared to the master standard, crystalline 
sodium penicillin, which has a potency of 1,667 units per milligram. On the 
same basis crystalline penicillin X has a potency of 900 units per milligram. 
These potencies are all based on the Staph. aureus plate assay. The F.D.A. 
working standard had been shown to consist largely of the G fraction. 

In Table I are shown the results obtained with twenty-nine typhoid strains 
in the serial dilution test. At six hours only three strains were inhibited by 
0.75 units of penicillin G, while twenty-eight strains failed to grow in the same 
amount of penicillin X. In twenty-four hours the difference is less striking 
since twenty-six strains are inhibited by 3 units or less of penicillin X, while 
twelve strains failed to grow in the presence of the same amount of penicillin G. 
Of the twenty-nine strains tested by the dilution method, twenty-four were twice 
as sensitive to penicillin X as to penicillin G on a unit per milligram basis, one 
strain was three times as sensitive, and four strains were four times as sensitive. 


TABLE I. EFFECT OF PENICILLINS X AND G ON E, TYPHOSA 


6 AR. 24 HR. 
“Sa ~ Type G Serial Dilution Method [es 
Number of strains inhibited 3 iG 9 2 10 12 4 ] 
Units per ecubie centimeter for com- 0.75 15 3 ld 863 6 12 >12 


plete inhibition 
Type X Serial Dilution Method 
Number of strains inhibited 28 I 3 12 1] 3 
Units per cubic centimeter for com- 0.75 1.5 0.75 15 3 6 
plete inhibition 


TABLE II. PoTeNcy or PENICILLIN X EXPRESSED AS UNITS PER MILLIGRAM AND PER CENT Ot} 
STANDARD (G) 


Number of strains showing increased 


potency } 5 9 ] Z 
Potencies of ‘‘X’’ in units per milli- 1800 to 2700to 3600to 4500to 5400 to 6300 to 
gram; G equals 1,667 u./mg. 2700 3600 1500 5400 6300 7200 
Potencies of ‘*X’? expressed as per . 200 to 300 to 400 to 500 to 600 to 700 to 
cent of standard (G) 300 400 500 600 700 800 


*F.D.A., Food and Drug Administration. 
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In Table II the results of the cylinder plate tests are given. This method of 
lesting reveals an even greater difference between the two penicillin species than 
was shown by the serial dilution test. All strains were at least twice as sensitive 
to penicillin X as to penicillin G, and three strains were seven or eight times as 
susceptible. If the potency of penicillin X is computed in units per milligram, 
the aetivity varies from 1,800 units per milligram to 7,200 units per milligram, 
depending on the strain of FE. typhosa used for assay. 


DISCUSSION 


The known properties of penicillin and streptomycin indicate that the lat- 
ter drug should be the one of choice for the treatment of gram-negative infec- 
tions. Yet recent experience with streptomycin in the treatment of typhoid 
fever® indicates that this antibiotic is of questionable value in spite of apparent 
in vitro sensitivity of the typhoid organism to it. Conversely, although it is 
generally accepted that the typhoid organism is resistant to penicillin, Me- 
Sweeney’ has successfully treated cases with this drug augmented by sulfa- 
thiazole. As a matter of fact, based on the data presented in these studies and 
those of Evans,° there is reason to believe that penicillin alone should be an 
effective treatment in this disease when given in the proper doses. On the basis 
of these studies all twenty-nine strains of FE. typhosa were inhibited in a yeast- 
beef broth at pH 7.0 by approximately 12 units per eubie centimeter or less 
of penicillin (7.2 gamma). When two of these strains were tested in the same 
broth for their sensitivity to streptomycin, 25 gamma were required to effect 
complete inhibition. Thus, on a weight basis, over three times as much strep- 
tomyein as penicillin was required for inhibition of these strains. When a com- 
parison of the resistance of EF. typhosa to the two antibiotics is made on a weight 
hasis, the apparent advantage of streptomycin because of its characteristic attack 
on the gram-negative organisms is considerably minimized. Furthermore, the 
characteristic rapid and marked increase in resistance of gram-negative organ- 
isms to streptomyein both in vivo’® and in vitro™ argues against the therapeutic 
use of this drug, particularly where another less toxie drug (penicillin) is avail- 
able without these disadvantages. 

The dose of penicillin which would apparently be effective in the treatment 
of typhoid fever is not a large one-in terms of weight of drug utilized. In 
Keefer’s® recent publication on the use of streptomycin in typhoid fever, doses 
of 3 to 5 Gm. per day are recommended. Doses of penicillin such as these should 
result in blood levels more than adequate to be effective against the most resistant 
strains of EF. typhosa reported in these studies or in those reported by Evans.° 
The wide range between the therapeutic and toxie doses of penicillin as ecom- 
pared to the range between these doses of streptomycin is further argument in 
favor of penicillin therapy for typhoid fever. 

Unfortunately, at the present time there is no commercial production of 
penicillin X. There is little advantage, if any, to the production of this penicillin 
fraction at the expense of the regular production of commercial penicillin 
(largely fraction G). So far, penicillin X has been shown to be quantitativel) 
superior to penicillin G only; until a qualitative difference between penicillins X 
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and G can be demonstrated which would warrant the extra expense of producing 
penicillin X, it is unlikely that it will become commercially available. It is ob- 
vious, however, that in the case of typhoid fever considerably less than half as 
much penicillin X as penicillin G would be necessary in the treatment of this 
disease. 

SUMMARY AND CONCLUSIONS 


1. Of twenty-nine strains of E. typhosa tested all except one were inhibited 
hy 12 units or less of penicillin G, in twenty-four hours. 

2. All of the strains were inhibited by 6 units or less of penicillin X. 

3. When the plate method was used to determine sensitivity, penicillin X 
was trom two to eight times as effective as penicillin G. 

4. A favorable response should be obtained in the treatment of typhoid 
fever provided sufficiently large doses of penicillin are utilized. 
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PHOSPHATASES AND INORGANIC PHOSPHORUS IN NORMAL 
HUMAN SERUM 


JuLES Tusa, PH.D., Max M. Cantor, M.D., anp HERMAN SteMENS, M.D. 
EDMONTON, CANADA 


WITH THE TECHNICAL ASSISTANCE OF PeERsIS A. Capsey, B.Sc. 


_eehp chennaaagpennany ot a clinical nature involving a consideration of the levels 
of human serum phosphatases and inorganic phosphorus necessitated the 
establishment of normal values in men and women. A group of 101 adults 
and 108 school children, aged 10 to 12 years, from the country around 
Edmonton volunteered to give blood in the fall of 1945, and their sera were 
assayed. According to Klasmer,' who worked with infants, the normal values 
for children have not been established with accuracy, and it was felt that 
the previously mentioned age group might be of interest. A seasonal variation 
in phosphatase activity was noted by Klasmer, and in order to find the effect of 
winter in the Edmonton area, estimations of inorganic phosphorus, acid, and 
alkaline phosphatases were repeated in the spring of 1946 with the sera of as 
many as possible of the fall donors. 


EXPERIMENTAL 


Serum phosphorus and serum phosphatases were determined by the micro 
method of Shinowara and associates? as modified by Gould and Schwachman.' 
Acid phosphatase was estimated at pH 5.3 and alkaline phosphatase at pH 9.3. 

The unit of phosphatase activity is defined by Shinowara and associates 
as equivalent to 1 mg. of phosphorus as phosphate ion liberated during one hour 
of incubation at 37° C., with a substrate containing sodium £-glycerophosphate. 
hivdrolysis not exceeding 10 per cent of the substrate, and optimum pH of the re 
action mixture for ‘‘acid,’’ 5.00 + 0.15, and for ‘‘alkaline,’’ 9.86 + 0.15. Our 
estimations of phosphatase activity comply with this definition, except with 
regard to the optimum pH for acid phosphatase. The pH optimum is, however, 
a broad one, and we found no significant variation when estimations were mac: 
at pH 5.0 or 5.8. 

RESULTS AND DISCUSSION 

The mean values and the range of values for the different groups are sum 
marized in Table I. 

The acid phosphatase values which are very close to the range of 0.0 to 1.1 
units reported by Shinowara show an increase during the winter in the adult 
sroups. The Gutman and Gutman‘ range is 0.5 to 2.0 units. 

Important variations are found in alkaline phosphatase levels in relation 
to sex, age groups, and season. For both children and adults the values for 
male subjects are appreciably higher than for female subjects (80 and 20 per 
cent, respectively). The activity of the alkaline enzyme is approximately three 
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TABLE I, NORMAL MEAN VALUES (RANGE GIVEN IN BRACKETS) FOR HUMAN SERUM PHOs- 
PHATASES AND INORGANIC PHOSPHORUS IN RELATION TO SEX, SEASON, AND AGE GROUP 


| NUMBER | ACID PHOSPHATASE | ALKALINE PHOS SERUM INORGANK 
OF | (UNITS PER 100 ¢.c. | PHATASE (UNITS PER PHOSPHORUS 
BLOOD DONORS | SERA | SERUM ) | 100 c.c. SERUM) MGa./100 c.c. 
Man Adults 
Fall 38 0.38 (0.0 to 1.2 1.4 (2.0 to 7.0 1.6 (2.6 to 54 
Spring 14 0.44 (0.0 to 1.2 1.8 (2.0 to 7.3 1.4 (3.2 to 5.4 
Women 
Fall 68 0.37 (0.0 to 1.2 3.8 (2.0 to 7.0 1.4 (3.2 to 5.4 
Spring 42 0.67 (0.0 to 1.2 tt (2.5: to 7.3 1.0 (1.8 to 5.4 
— Children, 10 to 12 Years 
Fall 51 - 12.8 (6.0 to 21.8 5.9 (4.6 to 7 
Spring 44 0.61 (0.0 to 1.6 13.5 (5.6 to 21.4 1.9 (3.0 to 7.8 
Girls 
Fall oe 9.4 (6.0 to 17.8 6.0 (4.8 to 7.8 
Spring 46 0.06 (0.0 to 1.6 12.1 (5.6 to 17.1 2 (2.0 to 6.4 


times greater among children than adults for both sexes. Bodansky” reports a 
range of 1.5 to 4.0 units for adults and of 5 to 12 units for children. 

The phosphorus values follow a similar though less marked trend. There 
is a very definite seasonal variation in the levels of phosphorus and alkaline 
phosphatase. In all groups there is a lower amount of serum phosphorus by 
spring, more especially in the case of children. At the same time, the winter 
has produced a definite rise in the amounts of alkaline phosphatase. Although 
active rickets was not observed in our donors the results noted corroborate 
Klasmer’s suggestion that the seasonal variations noted may be associated with 
a Winter diet and decreased exposure to ultraviolet rays 


SUMMARY 


} 


Serum phosphatases and inorganic phosphorus values were determined i1 
the fall of 1945 on 101 adults and 108 children, aged 10 to 12 years. The estima 
tions were repeated in the spring with fifty-six of the adults and ninety of th 
children. The average fall level of 11.1 Shinowara units for serum alkaline 
phosphatase for the children was almost three times that for the adults of 4.1 
units. The activity of this enzyme was 20 to 30 per cent greater among the 
male than among the female subjects. An increase in the alkaline enzyme and 
a decrease in inorganic phosphorus, which were more marked in children than in 
adults, may be due to a winter diet and lack of sunshine. An increase in acid 


‘ . . er 4 +] mYr\< 
phosphatase was noted in the spring values of the adult groups. 
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LABORATORY METHODS 


RAPID CONTINUOUS EXTRACTION AND DETERMINATION 
OF QUININE 


’ 


GRANVIL CC. KYKER AND MinprepD M. McEwen* 


CuHaApPeL Hin, N. C. 


HE urgency of antimalarial work during the past few years has emphasized 
the importance of further studies on quinine as well as the search for new 
drugs. The ultimate progress of such studies is determined by the quantita- 
tive methods which are applicable to biologie material. Many improved methods 
Each of these methods 


have been reported recently by various workers.*! 
requires the preliminary separation of the alkaloid from the biologie sample. 
In most of these this separation is accomplished by extraction with a suitable 
chloroform,’ * and 


solvent. Ether,* aleohol and ether,’ acetone and ether,’ 
ethylene dichloride’ are proposed either for stepwise manual extraction in a 


9 


separatory funnel®**° or for a continuous process in specially designed 
apparatus.’ * One method, designed for blood plasma, employs a filtrate which 
retains the quinine after the proteins are precipitated with metaphosphorie 
acid.’ Once the alkaloid is separated from the sample, its measurement is 
based on either turbidimetrie,* * fluorometric,’ * colorimetric,” * * or spectro- 
photometric® '° instrumentation. 

Each of these methods offers advantages depending upon the material 
which is available and the requirements which are imposed by a particular 
investigation. Recently, certain investigators'’ '* have applied two or more 
methods simultaneously to the same materials. This has enhanced the value 
of the data and enabled additional interpretations, because no method which 
is specific for quinine’ has been designed and each when applied biologically may 
yield results which are vitiated by an indefinable amount of metabolic products. 

In this report modifications of certain previous methods for quinine are 
described and adapted to a procedure which reduces the time and work of 
extraction and provides an extract of a biologie sample to which duplicate 
methods of assay may be applied simultaneously. These modifications became 
urgent during a study of the absorption of quinine in which the analysis of 
numerous fresh samples was required within brief periods. The existing 
methods which require manual manipulation of individual samples through- 
out the extraction become laborious for the analyst and limit his eapacity. 
Also, the extended time which is required for continuous extraction by present 
methods" * impedes concentrated periods of work. The time required for the 
continuous extraction of quinine from a sample of tissue has been reduced 
from four hours to fifteen minutes. This has been accomplished by changing 
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the design of the sample tube of an extractor previously recommended for 
continuous use with ether,® so that it accommodates the continuous flow of a 
heavier-than-water solvent such as chloroform. The extractor permits a greater 
flow of solvent through the sample than its predecessor. Also, the solubility 
of quinine is higher in chloroform than in ether. Both of these factors con- 
tribute to the more rapid extraction. 


APPARATUS 


The extractor is similar in principle to others which have been reported!*""° 
for continuous liquid-liquid extraction with a solvent of greater density than 
water. Additional features are described which render the apparatus efficient 
and convenient for the biologie study of quinine and other alkaloids. It is 
simple to construct and is an interchangeable part of a unit for continuous 
operation with a solvent of less density’ which has had extended use in this 
laboratory. The adaptability of the complete unit to solvents of greater or 
less density than water expedites the analysis of identical samples by different 
methods as previously recommended. The details of construction and the 
interrelation of parts shown in Fig. 1 are self-explanatory. Additional ver- 
satility of the unit derives from its construction in different sizes, among which 
certain parts are interchangeable. The dimensions are presented in Table I 
and are indicated according to the labels in Fig. 1. 


TABLE I. SPECIFICATIONS FOR CONSTRUCTION OF EXTRACTORS 
(Att DIMENSIONS IN MILIAIMETERS ) 


REFERENCE TO FIG. | VOLUME OF SAMPLE TO BE EXTRACTED 
1 | or - - ' 
UNIT NUMBER 5 c.c. | 10 c.c. | 29 C.C, 50 ¢.c. | 100 c.c 
(A) (RB) 
A | 2» 99 38 38 
) 16 16 52 32 
) 22 22 38 38 
4 16 16 32 au 
5 5 5 8 8 
6 Sh 85 85 85 
7 85 135 85 135 
8 200 235 190 240 
B 9 16 16 32 32 
19 22 22 38 38 
11 12 16 24 32 
12 60 60 60 60 
13 100 100 100 100 
4 180 180 180 180 
15 Be: 18 20) 20 
16 22 22 38 38 
17 5 5 8 8 
C 18 32 32 32 52 52 52 
19 140 140 140 140 140 140 
2 8) SO RO 80 80 80 80 
21 335 335 335 ate 335 335 


The absence of any horizontally connected parts or side arms contributes 
to a minimum of breakage and enables the compact alignment of multiple 
units in a battery. Batteries of six units each have proved convenient when 
mounted on horizontal rods 2 feet in length which are clamped at either end 
to vertical jron supports. When chloroform is used, smooth operation at the 
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beginning of the continuous process demands a readily adjustable source of 
heat. In this case the units in each battery are heated with a manifold of six 
ordinary gas burners which are equipped with adjustable chimneys for steady 
flames. On the other hand, when ether is used, a constant and moderate rate 
of heating is required. An electric heater which is easy to construct and has 
given years of heavy service is recommended. 

The heating unit consists of a coil made by winding 140 turns of No. 22 
Chromel wire about a 3@ inch mandrel and mounting in a suitable housing. 
The housing is an elongated right angle trough made by joining two pieces 
of 14 inch Transite. Each wall of the trough is 2 by 24 inches on the inside. 
A support, 3 by 3 inches, is attached at either end. The pieces of Transite 
are joined securely with small 45 degree brackets and bolts. Small brass bolts 
through the end supports serve as binding posts for the electrical circuit. A 
cover, 214 by 24 inches, is undercut at 45 degrees along the sides and is pro- 
vided with six holes, 1 inch in diameter, 4 inches apart, and 2 inches from 
either end. The unattached cover rests firmly and horizontally. Each extractor 
unit in a battery rests on its respective hole in the cover of the heater. 

Rheostatic control is provided by a resistance whose specifications are 
identical to those of the heating element. This resistance is mounted with 
binding posts at one-tenth intervals on the back of a strip of Transite, 3 by 24 
inches, which is clamped at each end to the vertical supports for the battery 
of extractors. Electrical connections are made with the binding posts from 
the front of the strip, on the back of which the resistance is mounted. 


PROCEDURE 


Digestion of Tissuwe-—Samples of tissue are digested by a procedure which 
is essentially that of Kelsey and Geiling.* Slight modifications are introduced 
which improve the results after extraction of the alkaloid. The weight of the 
sample is roughly estimated in advance and defined as 1 part. To a beaker 
whose capacity is approximately 20 parts is added 5 parts of 2 per cent sodium 
hydroxide. The gross weight of the beaker, contents, and cover is recorded. 
Immediately after removal from its source, the sample of tissue is cut into 0.5 
to 1.0 Gm. pieces and placed in the alkali. The weight of the sample is estab- 
lished by difference to an accuracy of 1 in 500. Additional alkali to make a total 
of 10 parts is added, in which the tissue is digested on a steam plate near the 
boiling point of the alkali. Hot water is added at intervals to compensate for 
evaporation, so that reduction in volume fhever exceeds one-half. The alkaline 
digest is transferred to a volumetric flask, the capacity of which is approximately 
20 parts, and diluted to the mark. Aliquots of the resulting 5 per cent solution 
of tissue in 1 per cent alkali are extracted and analyzed according to the follow- 
ing procedure. 

Extraction of Alkaline Digest—An extractor of appropriate dimensions is 
selected and assembled as in Fig. 1C. Chloroform is added to the inner tube of 
the unit. The amount of solvent is 25 ¢.c. for either the 10 or 25 ¢.c. extractor 
and 50 ¢.e. for either the 50 or 100 ¢.ec. extractor. An aliquot of the alkaline 
digest is introduced by pipette into the inner tube. Solvent which is displaced 
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by the aliquot overflows into the jacket. The column of solvent which remains 
underneath the aqueous layer is approximately 1 inch deep. The reflux con- 
denser is attached so that its tip touches lightly the funnel of the extractor. 
The solvent in the jacket is heated rapidly with a coneless but nonluminous 
flame until returning solvent begins to drain from the extractor. The flame is 
then regulated so that refluxing continues at a rate which is consistent with 
a stable interface at the junction of the solvent and sample. Properly digested 
samples permit the return of solvent at a rate which overflows in a continuous 
stream. After brief experience with the apparatus, the initial period of heat- 
ing and regulation of the continuous rate can be accomplished in one or two 
minutes. The extraction is continued at the steady rate for 15, 15, 30, and 30 
minutes for the 10, 25, 50, and 100 ¢.c. units, respectively. 

Transfer of Alkaloid to Acid.—After the extraction is completed, the sample 
tube is removed from the jacket and set aside. A small funnel is inverted and 
lowered into the chloroform until it rests on the bottom of the jacket. The stem 
of the funnel should extend about 2 em. above the surface of the solvent. A 
measured quantity of acid is added to the chloroform layer. Either 0.03 N 
hydrochloric acid, or 0.03 or 0.1 N sulfuric acid, is used, depending on the subse- 
quent procedure which is selected for the analysis. The volume of acid generally 
equals that of the extracted aliquot, but ratios greater or less than unity are 
employed when the expected content of the sample indicates any analytic ad- 
vantage. The condenser is attached again to the jacket and the contents are 
heated for ten minutes, during which time the funnel actively percolates the 
chloroform layer through the supernatant acid layer. The condenser is allowed 
to drain, and any clinging drops on its tip are recovered by tipping against the 
inner wall of the jacket. The jacket is stoppered tightly with a cork and set 
aside to cool until the layers are clear and a sharp interface obtains. Aliquots 
from the acid layer are taken for analysis either by pipetting directly from 
above the chloroform layer or after separation of the two layers. When 
pipetting the samples directly, a small mirror is adjusted at 45 degrees in front 
of the jacket so that the interface is visible and not disturbed by the tip of 
the pipette. 

Determination of Quinine—The quinine in the acid layer is determined by 
one or more previously established methods which apply directly to a solution of 
the alkaloid in either hydrochloric or sulfuric acid. When 0.03 N hydrochloric 
acid is used in the transfer previously described, the method of Kyker and as- 
sociates® is convenient. When the quinine is taken up in 0.03 N sulfurie acid, 
two methods are directly applicable to the same solution. Either a turbidity 
of quinine silicotungstate is prepared as previously described*® for hydro- 
chloriec acid solutions and measured by an established calibration with an 
Evelyn photoelectric colorimeter (Table II), or the fluorescence of quinine 
sulfate, after dilution with 0.1 N sulfuric acid to a suitable concentration, is 
read against a similar standard solution with a Coleman photofluorometer. 
For samples of tissue of very low alkaloidal content, 0.1 N sulfuric acid is used 
in the preceding transfer from chloroform, and the fluorescence of the alkaloid 
is measured without further dilution. 
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TaBLe II. MEASUREMENT OF QUININE SILICOTUNGSTATE IN 0.03 N SunFuric Acip 























Sy UININE 
NUMBER OF EVELYN COLORIMETER (ei cam LITER) 
TRIPLICATE READING oo - 
SAMPLES |___ : OBSERVED 
ANALYZED | RANGE | AVERAGE aieininets RANGE | AVERAGE 
6 90.5 to 91.4 91.0 1.0 1.02 to 1.04 1.01 
9 78.2 to 79.9 79.3 2.0 1.92 to 2.06 1.98 
9 68.6 to 69.8 69.3 3.0 2.93 to 3.06 2.99 
9 60.7 to 62.7 61.8 4.0 3.81 to 4.07 3.96 
9 54.2 to 56.1 55.2 5.0 4.81 to 5.14 4.96 
The results are calculated as follows: 
C = ex Fx V x 1000/W where 
C = mg. quinine per kg. of tissue 
c = mg. quinine per liter in the undiluted acid layer 


total acid layer (c.c.) 





F = factor of dilution, aliquot of alkaline digest (c.c.) 
V = total volume of alkaline digest in liters 
W = sample of tissue in grams 


STANDARDIZATION 


The procedure which is outlined has been verified by repeated extraction 
and determination of quinine in standard solutions and in samples of urine 
and tissue from the alimentary tract of the rat. A summary of these data is 
presented in Table III. A wide variation in the amount of added quinine is 
eovered, the largest being over 3,000 times the smallest. To the biologie 


TaBLE III. RECOVERY OF QUININE BY CONTINUOUS EXTRACTION WITH CHLOROFORM 




















woleen | ANALYSIS | QUININE 
OF RECOVERED 

DETERMI- | ADDED | AVERAGE RANGE 

NATIONS SAMPLE METHOD* — | MG. (%) (%) 
4 Standard F 0.005 99.9 +1.6 
2 Standard F 0.010 101.6 +0.0 
4 Standard F 0.025 96.5 #75 
2 Urine F 0.025 105.0 +0.8 
2 Stomach F 0.025 96.7 +0.3 
2 Intestine F 0.025 100.3 +0.7 
2 Standard TS 0.050 98.0 +0.7 
4 Standard F 0.100 99.2 +3.2 
2 Standard TS 0.100 95.5 +0.5 
2 Stomach TS 0.100 99.3 +0.8 
2 Intestine TS 0.100 98.5 +0.0 
5 Standard TS 0.135 99.6 +1.0 
4 Standard TS 0.150 99.6 +2.2 
4 Standard F 0.250 98.7 £6.32 
2 Urine TS 0.250 98.0 +0.0 
2 Stomach TS 0.250 98.8 +0.1 
2 Intestine TS 0.250 99.4 +0.4 
4 Standard F 0.500 100.6 +0.2 
2 Urine TS 0.500 97.0 +0.0 
4 Standard TS 0.804 98.6 +1.9 
2 Stomach TS 1.000 97.2 +2.1 
4 Intestine TS 1.000 97.6 +0.8 
2 Urine TS 2.500 102.6 +15 
4 Standard TS 5.000 101.1 +0.6 
2 Urine TS 5.000 97.0 $15 
2 Urine TS 10.000 98.0 +0.0 
2 Standard TS 16.075 102.2 +0.5 





*F, Fluorometric analysis; TS, turbidimetric analysis of silicotungstate, 
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samples the calculated volume of a concentrated standard solution of quinine 
dihydrochloride was added by pipette before digestion. The added amounts 
of quinine which are recorded in Table III pertain to 25 ¢.c. aliquots which 
were extracted. Results from larger or smaller samples with extractors of cor- 
responding dimensions are similar in accuracy. 


When standard solutions were analyzed, the preliminary digestion of the 
sample was omitted and aliquots were extracted after adding 50 per cent 
sodium hydroxide until a concentration of 1 per cent was reached. For urine 
samples, digestion with 2 per cent alkali for thirty minutes greatly reduced a 
tendency to emulsify during the extraction. For samples of tissue, the diges- 
tion was continued twenty-four hours. 


The accuracy of the procedure is best judged by the results in the last 
column of Table III. This column represents the duplicability which obtains 
for similar aliquots. The accuracy of the average recoveries which are found 
in the preceding column is quite satisfactory for biologie studies of quinine. 
This column entails any errors in the addition of widely varying amounts of 
alkaloid, as well as those errors which are inherent for the procedure. The 
average of all recoveries which are listed in Table III is 99.1 +0.79 per cent. 


APPLICATION AND DISCUSSION 


The procedure is especially versatile and efficient in studies where wide 
variations in the alkaloidal content of the sample occur, such as in a study of 
the intestinal absorption of quinine at increasing intervals after oral adminis- 
tration. In this connection the method has been used extensively in studies on 
the rat. The widely used technique of Cori’® for studying intestinal absorption 
in small animals does not serve for quinine, since its low solubility at the nor- 
mal pH of intestinal contents and its tendency to associate with proteins cause 
it to adsorb on the mucous lining so that the residue cannot be washed out quan- 
titatively. The general application of the method is supported by the work of 
Alogdelis*? who used the procedure recently in determining the quinine which 
remains in the whole body of mice at intervals after oral administration of 
the drug. 

Digestion of a sample of tissue for twenty-four hours may seem a cumber- 
some step but is recommended on the basis of controlled experiments. Diges- 
tion for two hours, as recommended by Kelsey and Geiling,* gave extracts 
which contained appreciable interfering substances. These substances de- 
creased as the digestion was increased. Slight interference remained after 
eight hours of digestion. Satisfactory blanks were obtained after twenty-four 
hours. This specified period is longer than is necessary for some tissues but 
represents more convenience than periods between eight and twenty-four 
hours, since the digestion of a series of samples may be begun at a given time on 
one day and their extraction and analysis at the same time on the following 
day. No attention is required during the digestion except for the occasional 
replacing of water which evaporates. If flasks, closed with rubber stoppers 
which support 10 inch air condensers, are preferred to beakers covered with 
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watch glasses, very little loss of water occurs. Samples are rendered com- 
pletely soluble except for fragments of bones and hair which remain when the 
whole careass of a small animal is digested for analysis. 

During the time in which the procedure was developed, chloroform was 
not readily available and various grades were used. Irregular periods of good 
and poor results became correlated with the kind of solvent which was in use. 
It has been substantiated repeatedly that quantitative recoveries of quinine 
depend on the use of pure chloroform. Merck’s reagent and Baker’s CP 
chloroform yield reliable results. The solvents should be stored in amber 
bottles in a dark cabinet when not in use. Incomplete and irregular recoveries 
“anging from 75 to 90 per cent occur when U. S. P. or Technical grades of 
chloroform from various sources are used. The poor recoveries are more 
noticeable when the content of the sample is low but persist to some extent at 
higher concentrations. Some poor grades of solvent did improve but were not 
entirely satisfactory when fractionated or when washed successively with 
alkali, acid, and water. Used portions of acceptable solvents remained satis- 
factory when collected in a storage bottle, washed, dried, and distilled before 
using again. 

In the construction of the apparatus (Fig. 1A) it is essential that the tip 
of the overflow tube inside the extractor is not fused to the bottom of the latter. 
Otherwise, pumping of the solvent occurs by forming bubbles of vapor in the 
overflow tube and the aqueous layer may spill over. Without exception, pump- 
ing of the chloroform layer and loss of the aqueous layer has occurred only in 
those extractors in which: this oversight of construction existed. If 1 or 2 mm. 
intervene the tip of the overflow tube and the bottom of the extractor, the re- 
turning solvent from the reflux cools the solvent sufficiently to prevent any boil- 
ing inside the extractor due to heating by the rising vapors on the outside. 

The maximum volume of an aliquot which is to be used in an extractor of 
particular dimensions is indicated in Table I. This maximum volume is recom- 
mended only for relatively pure aqueous solutions of quinine. The products of 
digestion of tissue with alkali tend to emulsify slightly at the interface during 
rapid extraction, so that the sample should not exceed 75 to 80 per cent of the 
rated capacity of the extractor. No difference is noted in recoveries when as 
low as 50 per cent of the rated volume of sample is used, since the shorter 
aqueous layer compensates for the slower turnover in the deeper layer of solvent. 

The transfer of the extracted alkaloid to acid may be accomplished without 
the use of an inverted funnel, which serves as a percolator, if very rapid boiling 
is maintained so that the two layers appear as one. The percolator permits 
milder conditions and less chance of loss of the acid layer in the condenser, 
since with its use less heating with little or no refluxing is sufficient. Also, 
some delay accompanies the return of a sharp interface when vigorous boiling 
substitutes for percolation. 

The sensitivity and duplicability of turbidimetric measurements of quinine 
siliecotungstate in 0.03+0.002 N sulfurie acid (Table II) compares favorably 
with the previous use of 0.03 N hydrochloric acid. When both fluorometric and 
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turbidimetric determinations are desired on the 0.03 N sulfurie acid layer to 
which the alkaloid has been transferred, the latter should be run first since it 
is the less sensitive of the two and serves to indicate accurately the necessary 
factor of dilution for the application of the former. The lowest level of quinine 
which is measurable turbidimetrically requires at least a tenfold dilution before 
fluorometric measurement. Tenfold dilution with 0.1 N sulfuric acid reduces the 
acidity to 0.093 N. Quinine can be read accurately at this acidity against fluo- 
rometric standards which are customarily prepared in 0.1 N sulfuric acid. 
According to the study by Desha and associates’® on the effect of hydrogen 
ion concentration on fluorescence, much greater differences in the concentra- 
tion of sulfuric acid are permissible between standards and unknowns. Such 
permissible differences have been confirmed more recently by Valk.’® Deter- 
mination of the extracted quinine is not limited to the methods which have 
been selected in this study, but colorimetric or spectrophotometric methods 
should be applicable to the extracts. 


SUMMARY 


A rapid procedure is presented for the quantitative separation of quinine 
from biologie fluid or tissue by continuous extraction of a digested sample with 
chloroform. Specially designed apparatus which is simple in construction is 
described in various dimensions. The extractor represents an interchangeable 
adaptation of one proposed previously, so that the complete unit permits extrac- 
tion with solvents of either greater or lesser density than water. The procedure 
enables the versatile selection of two or more established methods of analysis 
for simultaneous application to individual samples and stresses the value of 
this practice in metabolic studies since no specific method is available for 
quinine. The procedure has proved efficient and convenient during extensive 
use in animal work. 


The authors express their appreciation to the Samuel 8S. Fels Fund which provided 
the support for this work. 
REFERENCES 


1. Kaiser, F. J.: Methode zur Bestimmung des Chiningehaltes in Blut. Rec. trav. chim. 
57: 117, 1938. : 

2. Prudhomme, R. O.: A New Colorimetric Method for the Determination of Quinine in 
Biological Fluids and Organs, J. pharm. chim. (9) 1: 8, 1940. 

3. Kyker, G. C., Webb, B. D., and Andrews, J. C.: The Estimation of Small Amounts of 
Quinine in Blood and Other Biological Materials, J. Biol. Chem. 139: 551, 1941. 

4. Kelsey, F. E., and Geiling, E. M. K.: The Micro Determination of Quinine in Blood 
and Tissues, J. Pharmacol. 75: 183, 1942. 

5. Brodie, B. B., and Udenfriend, 8.: The Estimation of Quinine in Human Plasma With 
a Note on the Estimation of Quinidine, J. Pharmacol. 78: 154, 1943. 

6. Carol, J.: Quantitative Determination of Quinine by Absorption Spectrophotometry, J. 
Assoc. Official Agr. Chem. 26: 238, 1943. 

7. Brodie, B. B., Udenfriend, 8S. Baer, J. E., Chenkin, T., and Dill, W.: The Estimation 
of Basic Organic Compounds and a Technique for the Appraisal of Specificity; 
Application to Cinchona Alkaloids, J. Biol. Chem, 158: 705, 1945. 

8. Kyker, G. C., and Lewis, D. P.: The Micro Determination of Certain Alkaloids and 
Other Bases by Photometric Turbidimetry, J. Biol. Chem. 157: 707, 1945. 

9. Marshall, P. B., and Rogers, E. W.: A Colorimetric Method for the Determination of 

Cinchona Alkaloids, Biochem, J. 39: 258, 1945. 











RAPID CONTINUOUS EXTRACTION AND DETERMINATION OF QUININE 205 


. Stimson, W. M., and Reuter, M. A.: The Spectrophotometric Estimation of Methoxy- 


Cinchona Alkaloids, J. Am. Chem. Soc. 68: 1192, 1946. 


. Dearborn, E, H., and Marshall, E. K.: The Degradation of Quinine in the Duck, 


Chicken, and Dog, J. Pharmacol. 85: 202, 1945. 


. Marshall, P. B.: The Absorption of Cinchona Alkaloids in the Chick and Its Relation- 


ship to Antimalarial Activity, J. Pharmacol. 85: 299, 1945. 


. Wasitzky, A.: Ein einfacher Mikroextraktionsapparat nach dem Soxhlet-Prinzip, 


Mikrochemie 11: 1, 1932. 


. Briggs, L. H.: Apparatus for the Extraction of Liquids With Immiscible Solvents of 


Greater Density, Indust. & Engin. Chem. (Anal. Ed.) 9: 250, 1937. 


. Wayman, M., and Wright, G. F.: Small Continuous Liquid-Liquid Extractors, Indust. 


& Engin. Chem. (Anal. Ed.) 17: 55, 1945. 


. Cori, C. F.: The Fate of Sugar in the Animal Body. I. The Rate of Absorption of 


Hexoses and Pentoses From the Intestinal Tract, J. Biol. Chem. 66: 691, 1925. 


. Alogdelis, 8.: The Relationship of Quinine Metabolism and Vitamin B-Complex De- 


ficiency, Master’s Thesis, University of North Carolina, 1946. 


. Desha, L. J., Sherrill, R. E., and Harrison, L. M.: Fluorometry. II. The Relation 


Between fluorescence and Hydrogen-Ion Concentration, J. Am. Chem. Soe. 48: 
1493, 1926. 


. Valk, A.: Studies in the Metabolism of Quinine, Doctoral Dissertation, University of 


North Carolina, p. 58, 1944. 











THE COUNTING OF BLOOD CELLS BY DARK-FIELD 
ILLUMINATION 


GERMAIN CRossMON, B.S., AND BERNHARDT G. GALLASCH 
RocuHester, N. Y. 


ICROSCOPIC preparations are usually examined by bright-field illumina- 

tion. The entire field of view is lighted, and preparations to be examined 

are shown against a light background. Objects are differentiated optically from 

their surrounding medium by their difference in refractive index, by natural 
coloration, or by the application of dyes. 

In contrast to this is dark-field illumination in which objects appear as self- 
luminous structures on a dark background. This effect is obtained with the 
Abbe condenser by placing an opaque stop between the condenser and the source 
of light so as to exclude the central part of the light rays from the mirror, allow- 
ing only an external ring of light to pass to the condenser. The hollow cone of 
light thus formed illuminates brilliantly any object at its focus, and the object 
itself reflecting the light into the microscope appears self-luminous on a dark 
field. 

In comparison to light-field, dark-field illumination has had few applica- 
tions. Perhaps its most important use in medical science is for the detection 
of motile organisms such as the spirochetes of syphilis and trypanosomes in 
body fluids. It also should be of value for the enumeration of microscopic ob- 
jects in coynting chambers which, because of their small size, lack of color, or 
refractive index, are difficult to see with light-field illumination. A few possible 
applications are the counting of red blood cells, white blood cells, spinal fluid 
cells, blood platelets, bacteria, yeast, mold, plankton, and dust particles. Al- 
though the study of fresh blood cells on thin object slides by dark-field illumina- 
tion is mentioned in Gage! and Gradwohl,? to the best of our knowledge, there 
is no reference in the literature concerning the counting of blood cells in count- 
ing chambers by this method of illumination. This is, no doubt, due to the re- 
quired object slide thickness necessary for dark field. The object slide with the 
Abbe condenser and dark-field stop must be approximately 1.3 to 1.4 mm. in 
thickness, so that the apex of the hollow cone of light can be brought into co- 
incidence with the object. It can be seen readily from the foregoing statement 
that if relatively thick chambers are used, this hollow cone of light would come 
to a focal point below the blood cells within the glass counting chamber, and 
the amount of light thus produced would be inadequate for illumination of the 
object. The solution to this problem is to increase the focal length of the Abbe 
condenser by removing its top lens, the numerical aperture of the condenser thus 
being reduced from 1.25 to 0.30. If the 43X, 0.65 N.A. objective is used, it is 
necessary also to decrease its numerical aperture by the use of a funnel stop. 
The method including preferable microscope accessories is described in detail. 
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COUNTING OF BLOOD CELLS BY 'DARK-FIELD ILLUMINATION 


EQUIPMENT 


Although any biologic microscope with Abbe condenser, numerical aperture 
1.25, can be used, a binocular medical microscope with 10X paired oculars is 
suggested for full appreciation of this dark-field method. If increased magnifica- 
tion is desired with the 10X, 0.25 N.A. objective, 15X oculars can be used. The 
source of illumination must be more intense than usually is required for light- 
field counting. A microscope lamp using a 115 volt, 100 watt Mazda bulb or a 
6 volt, 108 watt ribbon filament bulb and equipment with a Corning Daylite 
filter and condensing lens furnishes ample illumination for use with either a 
monocular or binocular microscope. Two dark-field stops, 16 and 20 mm. in 
diameter, a funnel stop, a hemacytometer, and red and white pipettes complete 
the essential equipment. 





Fig. 1—Red blood cells as seen with a 10X huygenian eyepiece and a 43X achromatic objective 
with funnel stop. Three-fourths actual size. 


METHOD 


The usual dilution fluids, such as Hayem’s solution and normal saline for 
erythrocytes and 1 to 3 per cent acetic acid (tinted with gentian violet) and 
0.1 N hydrochloric acid for leucocytes, can be used. However, acetic acid is 
preferable to hydrochloric since it has a less destructive action on the cytoplasm 
of the white cells. This difference is more noticeable in dark-field than in light- 
field illumination. If, as previously recommended, a 115 volt, 100 watt bulb or a 
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6 volt, 108 watt bulb is used with a binocular microscope, the microscope lamp 
should be adjusted so as to produce a parallel beam of light. This can be done 
readily by directing the light beam at a wall at least six feet away and focusing 
the condensing lens until an image of the source is formed on the wall. The 
illuminator then can be oriented with reference to the microscope and the beam 
of light directed at the microscope mirror. A filter should be placed in the 
holder usually provided with most microscope lamps. This is necessary in order 
to eliminate all glare from the blood cells and counting chamber, as shown against 
the dark background. It was found that for this purpose a Corning Daylite 
filter was superior to the usual combination of a ground glass and blue filter. 
In order to bring the apex of the hollow cone of light on the blood cells in the 
counting chamber, the upper element of the Abbe condenser now is unscrewed 
and removed. A 16 mm. dark-field stop, usually supplied with most microscopes, 
is placed and accurately centered in the holder provided below the condenser. 
Using a combination of the low power objective (10X, 0.25 N.A.) and 10 or 15X 
oculars, the substage condenser now is racked up and down until the counting 
chamber ruling and blood cells appear white on a black background. It will be 
found that if the condenser is lowered slightly below this point, a very pleasing 
illusion of depth is obtained. This effect of depth is appreciated especially in 
the case of the white blood cells and is of value in distinguishing these cells from 
possible dust particles that may have been in the diluting fluid or on the count- 
ing chamber. If again the condenser is lowered below this point, blood cells ap- 
pear dark against a light background. Since the counting chamber ruling also 
is light, this location of the substage condenser is not usually of value. 

Dark-field illumination can also be used with the 43X, 0.65 N.A. objective, 
but its numerical aperture of 0.65 must be reduced by inserting a funnel stop. 
This stop is standard equipment and, although designed for reducing the aper- 
ture of the 97X, 1.25 N.A. objective, it is interchangeable. The size of the dark- 
field central stop at this magnification should be approximately 20 millimeters. 
As with the 10X objective, the condenser should be racked up and down until 
the counting chamber ruling and blood cells appear white on a dark back- 
ground. 

A modified form of dark-field illumination can be obtained by the substitu- 
tion of Rheinberg color dises for the opaque stops. These dises can be prepared 
in the laboratory from colorless and red and green-colored gelatin or cellulose 
acetate, or fixed photographic film can be dyed to the desired shade. The central 
green disc must be 16 mm. for use with the 10X objective and 20 mm. with the 
43X objective. It should be centered and cemented to either an outer colorless 
or red dise which must be approximately 154, inches in diameter. Blood cells 
thus are shown as white objects on a green background when the central green 
dise is used in combination with an outer colorless disc, and red on a green 
background when a red disc is substituted for the outer colorless disc. If the 
latter combination is used, a ground glass filter should be substituted for the 
Corning Daylite filter. The results obtained are very spectacular but probably 
have no advantage over the usual dark-field method. 
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The location of the stops or Rheinberg dises above the lower element of the 
Abbe condenser will increase the brightness of objects and lines and will add 
to the ease with which optimum dark-field illumination can be obtained. Since 
there is no slotted ring provided at this location, it is necessary to construct a 
holder so designed that the stop or dise is at a location approximately 5 mm. 
above the condenser. If one expects to do a considerable amount of counting 
by dark-field illumination, it is believed that the superior results obtained will 
justify the special construction of the stop holder. The size of the stops or 
Rheinberg discs in this location should be approximately 13 mm. for the 10X, 
0.25 N.A. objective and 16 mm. for the 43X, 0.65 N.A. objective. 


SUMMARY AND DISCUSSION 


A method has been described for the counting of blood cells in an all glass 
counting chamber (hemacytometer). This technique, modified as may be neces- 
sary, can be used for counting other objects previously mentioned. In order to 
increase the focal length of the Abbe condenser, 1.25 N.A., the upper lens of the 
condenser must be removed; if a 43X, 0.65 N.A. objective is used, a funnel stop 
is necessary to reduce its numerical aperture. Dependent on the location chosen, 
above or below the condenser, a 13 or 16 mm. stop or dise should be used with 
the 10X objective and a 16 or 20 mm. stop has proved satisfactory with the 
43X objective. The size of the stop for either the 10X or 43X objective is not 
critical. It is possible that with counting chambers other than those used in this 
study better results may be obtained with stops slightly smaller or larger than 
those suggested. The brightness of the counting chamber ruling is dependent 
on the depth and width of the lines and also on the thickness of the counting 
chamber. For best results, the over-all thickness of the chamber should be 5 
mm. or less and the ruling should be relatively deep and heavy. In place of 
opaque stops Rheinberg color discs can be used. Blood cells thus are shown as 
white or red objects on a green background. 
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CLOROX AND TERGITOL-JAVELLE WATER MIXTURE FOR 
ACID-FAST BACILLI CONCENTRATION 


A COMPARATIVE STUDY 


JYUNJI IzUMI 
DENVER, COLO. 


HE concentrated sputum examination for tubercle bacilli has largely super- 

seded that of the plain smear. Because of the increased numbers of such 
examinations, a shorter more rapid technique was required. In recent years 
Clorox’ has been used as the concentrating substance. Cameron and Castles? 
found this method superior to that of NaOH-alum and autoclaving methods, and 
we have similarly been impressed by its value in the past eighteen months. Cer- 
tain difficulties were encountered, particularly regarding altered staining prop- 
erties of the tubercle bacilli, rendering the slides difficult to read and interpret. 
We had previously used a tergitol-javelle water mixture, after its introduction 
by Petroff and Schain,’? without such difficulties in staining properties. It was 
decided to evaluate again these two digestants in a parallel series to determine 
their comparative efficacy. 


METHOD OF STUDY 


All sputa used in this study were collected routinely in bottles for a twenty-four to 
forty-eight hour period. After stirring thoroughly with wooden applicators each sputum was 
divided into two portions. One portion was treated with an equal volume of clorox, stirred 
with an applicator stick, and centrifuged in 15 c.c. tubes* for ten minutes at 2,200 r.p.m. 
The clorox sputum mixture was not allowed to stand longer than ten minutes prior to cen- 
trifugation, as it was found that prolonged exposure (twenty minutes or more) rendered some 
organisms nonacid-fast or markedly impaired their staining properties. After decanting the 
supernatant fluid the centrifuge tubes were inverted for fifteen to twenty minutes over ab- 
sorbent paper to allow for maximum drainage. The sediment was smeared and then stained 
by the Ziehl-Neelsen method. 

The other portion of each sputum was treated with tergitol-javelle water mixture. This 
digestant was prepared in the manner recommended by Petroff and Schain.3 Equal volumes 
of this digestant and sputum were mixed and agitated periodically with appliactor sticks un- 
til digestion was completed. The incubation period employed by Petroff and Schain was 
omitted in this series. Digestion usually was completed within a few minutes. Some speci- 
mens, however, were very resistant and required as long as thirty minutes for homogenization 
to occur. Centrifugation was done in the same manner as employed in the clorox series, The 
decanted tubes were inverted over absorbent paper for fifteen to thirty minutes, a longer 
time being required in some cases to obtain maximum drainage. The smeared slides were 
stained in the previously mentioned manner, 

No slide was considered negative until well over 100 fields had been examined. The 
method of reporting positive slides was based on the recommendation of the American Trudeau 
Society,4 which is as follows: 


From the National Jewish Hospital. 
Received for publication, Nov. 19, 1946. 
*Sixteen-place, type 2, International Centrifuge. 
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Numerous (+++): Ten or more acid-fast bacilli in most oil immersion fields 
Few (++): Single acid-fast bacillus found in most oil immersion fields 
Rare (+): Single acid-fast bacillus found in occasional oil immersion fields 


In the case of 1 plus slides the number of bacilli found in the field examined were recorded. 


RESULTS OF THE STUDY 


In the course of this study 171 sputum specimens were examined. One hun- 
dred specimens were found to be negative by both methods; seventy-one were 
found to be positive by one or both methods. The method employing tergitol- 
javelle water mixture gave eleven more positive slides than did the clorox method 
(Table I). With the method employing tergitol-javelle water mixture, 42 per 
cent of the slides were positive for tubercle bacilli. By the clorox method only 
35 per cent were found positive. Thus the method using tergitol-javelle water 
mixture was superior by 7 per cent to the clorox method. 


TABLE I. ToTAL NUMBER OF POSITIVE AND NEGATIVE SLIDES 




















NUMBER OF SPUTA TERGITOL-JAVELLE WATER MIXTURE CLOROX 
EXAMINED NEGATIVE | POSITIVE NEGATIVE | POSITIVE 
171 100 (58%) 71 (42%) 111 (65%) 60 (35%) 





TABLE II. COMPARISON OF DEGREE OF POSITIVITY WITH BOTH METHODS 








TERGITOL-JAVELLE WATER | 








MIXTURE CLOROX 
NUMBER OF POSITIVE SLIDES +++ | +4 | + | ++ | 44 | + 
71 (Total positive specimens) 19 23 29 10 21 29 
60 (Positive by both methods) 19 23 18 10 21 29 





In Table II the breakdown of the positive slides into the degree of posi- 
tivity is recorded. It is to be noted that there is a decided shift to lesser degrees 
of positivity with the clorox method. 

In those specimens found to be 1 plus by both methods (nineteen eases), 
slightly over twice as many organisms were found per 100 fields by the method 
using tergitol-javelle water mixture as with the clorox method (Table IIT). 


ABLE . COMPARISON OF NUMBERS OF BACILLI IN ,US SLIDES (NINETEEN CASES 
fi IIIT. COMPARISON OF NUMBE OF BACILLI IN 1 PLUS SLIDES (N C 

















NUMBER OF BACILLI AVERAGE NUMBER OF 
TOTAL FIELDS FOUND IN FIELDS BACILLI PER 
METHOD EXAMINED EXAMINED 100 FIELDS 
Tergitol-javelle 745 92 12.4 
Clorox 1,108 ot 5.1 





CONCLUSION AND SUMARY 


One hundred seventy-one sputum specimens were examined by both the 
clorox and the tergitol-javelle water mixture methods. Out of a total of seventy- 
one positive specimens the method using tergitol-javelle water mixture gave 
more positive results and exhibited better ability to concentrate the bacilli than 
did the clorox method. The treatment of the acid-fast bacilli with the mixture of 
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tergitol-javelle water does not show the impairment in staining that occasionally 
occurs when treated with clorox. For these reasons it was decided to abandon 
the use of clorox in favor of tergitol-javelle water for concentration purposes. 


The writer wishes to express his appreciation to Dr. Allan Hurst for suggesting this 
study and for the aid received in the preparation of this paper. 
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MICROPRECIPITATING UNIT FOR BLOOD AND TISSUE PROTEINS 


ARNOLD Lazarow, Pu.D., M.D. 
CLEVELAND, OHIO 


r THE course of microanalysis of blood and tissues it is often necessary to 
precipitate proteins. This is usually done by mixing the blood and the protein- 
precipitating fluid, placing the mixture in a eapillary tube, sealing, and 
centrifuging. The supernatant fluid is finally separated from the precipitate 
by cutting the tube just above the level of the precipitate. The method de- 
scribed in Methods enables one to carry out all operations within the same 
pipette. The drawing of blood and the precipitation of proteins can easily be 
done in a patient’s room, and the tube can be set aside for centrifuging upon 
return to the laboratory. 
METHODS 

The pipette* illustrated in Fig. 1 consists of a capillary tube used for 
measuring the blood and a diluting bulb whose volume is equal to five or ten 
times that of the capillary tube. The bulb end is sealed to a standard taper male 


joint and is fitted with a standard taper cap. Rubber bands placed on the hooks 
serve to hold the cap in place during centrifugation. Blood is drawn into the 





4O 
cmm cmm 240 
cmm 


Fig. 1.—Top, a blood-precipitating pipette fitted with standard taper joint and cap. Bottom, 
a standard taper female-female adapter. 

pipette to the 20 e.mm. mark. The protein-precipitating fluid is then drawn 
into the pipette to the 240 e.mm. mark. After mixing, a drop is blown out of 
the pipette to remove the unmixed protein precipitating fluid which is present 
within the capillary portion of the pipette. The cap is put on and fixed in 
position with a rubber band; the pipette may be put aside for a time at this 
stage. After centrifugation at appropriate speed, the cap is removed. 





From the Department of Anatomy, Western Reserve University School of Medicine, Cleve- 
land, Ohio, and the Marine Biological Laboratory, Woods Hole, Mass. 

Received for publication, Nov. 19, 1946. 

*The pipette was made by James D. Graham, University of Pennsylvania School of 
Medicine, Philadelphia, Pa. 
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The volume of the cap is arranged so that all the precipitate can be con- 
tained within the cap, the pipette proper containing only blood filtrate. If the 
volume of the cap is 2.25 times that of the blood used, the cap will contain all the 
blood precipitate when tungstic acid is used as the precipitating agent. If a 
5 per cent solution of trichloracetic acid is used, the volume of the cap should 
equal the volume of blood used. The female-female adapter shown in Fig. 1 is 
used in place of the cap to transfer the blood filtrate to the microcolorimetric 
reaction-vessel described in another paper (page 215). 

If the precipitate is desired, the remaining supernatant fluid in the cap 
ean be drawn off with a capillary tube and the precipitate can then be removed 
from the eap. 














A SIMPLE APPARATUS FOR QUANTITATIVE MICROCOLORIMETRIC 
ANALYSIS IN FINAL VOLUMES OF 0.15 ce. 


ARNOLD Lazarow, PxH.D., M.D. 
CLEVELAND, OHIO 


pea and Bessey! have reported that accurate measurements may be made 
in the Beckman spectrophotometer, on volumes of 0.1 ¢.c., by using a special 
colorimeter cell. I have found also that the Lumetron photoelectric colorimeter 
could be used for this purpose if it were equipped with a galvanometer of the 
multiple reflection type. Special 10 by 3 mm. cells were used. White blood 
cell diluting pipettes were used for carrying out the colorimetric reactions. 

The technique described herein simplifies the microcolorimetrie procedures. 
All volume measurements, heating, and color development can be carried out 
within one tube. 

APPARATUS 

A tuberculin syringe (1 ¢.c. with graduations of 0.01 ¢.c.) is used to control 
the volume within the reaction pipette. To facilitate smooth operation the 
plunger is fitted with a spring clip. A Shick-Vim syringe can be used in place 
of the tubereulin syringe. A convenient reaction-vessel* for microcolorimetry 
(Fig. 1) consists of a capillary tube with a capacity of 30 e.mm. and a dilu- 
tion bulb whose volume is 150 emm. The capillary tube, which must be of 
constant internal diameter, is graduated into 50 or 100 divisions, so that frac- 
tional volumes may be measured. The bulb end of the pipette is fitted with a 
standard taper female joint,t whereas, the pipette end is fitted with a standard 
taper male joint. A standard taper cap fits over this pipette end for sealing. 
A glass bead sealed in the mixing bulb facilitates mixing. 

The pipette and syringe are mounted by clips at about a 30 to 45 degree 
angle (Fig. 2). A three-way spinal puncture stopcock (Yale B-D L/S 2) is 
placed between the syringe and the reaction pipette. The purpose of this stop- 
cock is to facilitate removal and replacement of a partially filled reaction pipette 
from the syringe. When reinserting a partially filled reaction pipette into the 
stopeock, the latter should be open to permit flow of air from the side tube; 
otherwise fluid may be forced out of the tip of the pipette as it is inserted into the 
stopeock. With the pipette in place, however, the stopcock should be turned 
so that the pipette communicates only with the syringe. 

The joints should be greased and the syringe oiled to prevent leakage of 
air into the system. 





From the Department of Anatomy, Western Reserve University School of Medicine, 
Cleveland, Ohio, and the Marine Biological Laboratory, Woods Hole, Mass. 

Received for publication, Nov. 19, 1946. 

*The reaction-vessel was made by James D. Graham, University of Pennsylvania School 
of Medicine, Philadelphia, Pa. 

+Because of greater simplicity of manufacture, the pipette now supplied by J. D. Graham 
is fitted with a male joint at the bulb end and a male-female adapter inserted on the three- 
way stopcock. 


215 








*pajunoul snyeieddy—'Z “31a 




















‘QUINJOA JO [0O1}UOD B}zZBOI[ap BV S}IWIIad Yooodo}s ay} 03 payoRze VsSuliAs ul[No1eqny B ! yooo 
-dojs oinjound sequin, Jode} piepuejys ABM-9914} BV OUT Pa}JOSU] S] [OSS®A-UO]JOVII OJIJIWIPIO[OOOIO;UL OY} ‘snzyBIedde oJA}OUTTIO[OOOIOIW—'T ‘ST 


ia 











WITT STITT STITT STITT 









































APPARATUS FOR QUANTITATIVE MICROCOLORIMETRIC ANALYSIS 217 


A vessel for the addition of reagents is shown in Fig. 3. It has a bulb 
containing about 5 ¢.c. and is fitted with a standard taper female joint and a 
stopcock to control the fluid in the bulb. 


ain 

















= | 
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Fig. 3.—Reagent-addition vessel. 











METHODS 


In carrying out the colorimetric procedure blood filtrate or tissue extract is 
placed in the reaction-vessel. For this purpose the female-female adapter is 
placed on the male joint of the blood-precipitating pipette described in another 
paper? (page 213), and this in turn is connected with the reaction-vessel. The 
blood filtrate is drawn into the tube a little past the 15 emm. mark, because 
removal of the blood precipitating pipette causes the level of liquid in the 
colorimeter reaction tube to change slightly. By means of the syringe, the 
volume is adjusted to exactly the 15 ¢.mm. mark. <A small bubble of air is then 
drawn into the capillary in preparation for adding the next reagent. If blood 
sugar were being determined by the Folin-Malmros* method, one volume of 
alkaline ferricyanide solution would be added next. For this purpose the 
reagent-addition vessel (Fig. 3) is connected to the male joint of the reaction- 
vessel. The stopcock is opened and by means of the syringe the liquid is drawn 
into the pipette slightly above the 15 e.mm. mark. The stopcock connecting 
the syringe and the reaction-vessel is closed, the stopcock of the reagent-addition 
vessel is closed, and then the latter vessel is removed. The three-way stopcock 
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that connects the syringe and the pipette then is opened, the volume is adjusted 
to exactly 15 e.mm., and the alkaline ferricyanide solution is drawn into the 
bulb. Mixing with the blood filtrate can be accomplished by alternately forcing 
the liquid into the pipette and drawing it back into the bulb. A cap is placed on 
the male joint of the reaction-vessel, and this is secured in place with a rubber 
band; the vessel then is removed from the stopcock. Further mixing can be 
accomplished, if desired, by rotating the pipette while in a vertical position. (The 
pipette must not be inverted, for if the fluid reaches the upper capillary, later 
dilutions cannot be made with great accuracy.) The tubes are placed, at an 
angle of 30 to 45 degrees, in a water bath designed to heat only the bulbs of the 
pipette. If the cap and capillary portion of the pipette are also heated, the 
air within them expands and forces its way out past the liquid in the bulb and 
then out the bulb end. On cooling, however, the air contracts and the liquid 
is sucked from the bulb into the capillary and cap. 

After cooling, the pipette is replaced upon the stopcock, the cap is removed, 
and two volumes of a solution of ferric gum ghatti are measured and then sucked 
into the bulb. The eap is reinserted, the pipette is removed from the rack, and 
the contents are mixed by rotation in the vertical position. After standing 
twenty minutes, the reaction-vessel is replaced, distilled water is added to the 
180 e.mm. mark, and the contents of the bulb are mixed by shaking. The drop 
of water contained in the capillary tube is blown out. Then an adapter is 
inserted on the male joint, the contents are transferred to a microabsorption 
cell, and the extinction is measured in a photoelectric colorimeter. 


DISCUSSION 


By using standard methods and a volume of 150 e.mm., a large number of 
colorimetric procedures can be carried out on samples of tissue weighing only 
1 mg. or on a few cubic millimeters of blood. The procedure is simple and 
could be employed routinely in the determinations customarily carried out in 
the clinical laboratory. It should prove especially useful in pediatric practice, 
since a few cubic millimeters of finger blood will prove sufficient for most 
chemical procedures. 

If 50 e.mm. (about 1 drop) of blood are available for chemical analysis, the 
final volume for colorimetry need not be limited to 0.15 ¢.c. but can be carried 
out on final volumes of 1.0 cubic centimeter. Sufficient blood filtrate is obtained 
from one drop of blood to carry out several chemical determinations. By apply- 
ing the technique used by Shock and Hastings,‘ it should be possible to sub- 
stitute a sector of a regular cylinder for part of the bulb, and in this case the 
pipette itself could be used for the colorimeter tube. The volumes of the 
colorimetric reaction—vessel may be reduced if desired for only 50 ¢.mm. are 
required for use with the Beckman microcells. 

The accuracy of this procedure has been found to approach that of ordinary 
macrocolorimetric procedures. Inasmuch as all volumes are measured within 
the same pipette, it is necessary only to determine the dilution-factor of the 
bulb for each pipette. This can be done simply by measuring 15 e.mm. of a 
known colored solution in the pipette, diluting it to 180 ¢.mm. and mixing. The 
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distilled water contained in the capillary is blown out and the contents of the 
bulb are then placed in the microabsorption cell. The transmission of light is 
measured and the precise dilution of the 15 e.mm. is thus determined in the 
pipette under the conditions of use. The absolute volume of a given pipette 
makes relatively little difference in the determination. 

The microcolorimetrice procedure can be carried out as rapidly as an ordinary 
macroprocedure. The small amount of blood required (finger puncture), the 
simplicity of the method, and the economy of table space and dish washing—all 
serve to make this procedure highly desirable in ordinary clinical chemistry. 
This technique should be most useful in special research projects where only 
small amounts of material are available. 


SUMMARY 


A simple apparatus is described which is useful in colorimetric analysis 
employing small final volumes (0.15 ¢.c. or less). Samples of blood or other 
tissues of 0.001 ¢.c. or 1 mg. are adequate for most colorimetric procedures using 
this technique. 
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BOOK REVIEWS 


Penicillin—Its Practical Application. Edited by Sir Alexander Fleming, M.B., B.S., 
F.R.C.P., F.R.C.S., F.R.S., Professor of Bacteriology, the University of London, St. 
Mary’s Hospital, London. The Blakiston Company, Philadelphia, 1946. Price $7.00. 
Cloth with 380 pages, 59 illustrations. 


Since all of the twenty-eight contributors to this book, prepared under the editorship 
of Sir Alexander Fleming, are British, it constitutes a useful compendium of the investiga- 
tive work and clinical applications of penicillin by British workers, much of which may 
not be familiar to American physicians. 

The first section, totaling 104 pages, is devoted to the general aspects of the subject 
and consists of six chapters on the history and development, chemistry and manufacture, 
pharmacy, pharmacology, bacteriological control, and methods of administration of peni- 
cillin. It is needless to state that the chapter on the history and development of the com- 
pound, written by Fleming himself, is outstanding. The chapter on the chemistry and 
manufacture of penicillin is likewise comprehensive, although the different penicillins 
(F, G, X, and K) are but barely mentioned and much of the space, with numerous illus- 
trations, devoted to methods of manufacture could have been better expended on more 
comprehensive discussions of the pharmacology and bacteriological aspects of the subject in 
view of their greater clinica) importance. The pharmacy of penicillin is devoted exclu- 
sively to methods employed by the British Pharmacopeia, and while Fleming adequately 
describes his own methods for the detection and assaying of penicillin in the blood, urine, 
and other body fluids, the Oxford cup and various serial dilutions methods are so briefly 
and inadequately described as to be of but little or no value to laboratory workers. One 
may also regret that so little is given on the antimicrobial activity of penicillin in vitro 
and in vivo or likewise, on the subjects of natural and so-called acquired resistance of 
bacteria to penicillin, with methods for determining the susceptibility of organisms to the 
compound in vitro which are so important in relation to penicillin therapy. 

The second section, 21 chapters totaling 257 pages, is devoted to the clinical aspects 
of penicillin in the prophylaxis and treatment of disease. Some of these chapters, espe- 
cially those devoted to the prophylactic use of penicillin, the treatment of wounds and 
gangrene and the treatment of dental and oral infections, are satisfactory. All of the 
chapters summarize the clinical experience of British physicians and surgeons, and some 
diseases are discussed in a very superficial fashion due to a lack of experience; this is 
especially true of the venereal diseases and particularly of syphilis. Since the book was 
written by a large group of contributors, there is much useless duplication of material with 
special reference to methods of administration. For example, there is a chapter on chest 
infections and another on chest surgery which could have been combined; likewise, there 
is a chapter on orthopaedic surgery and fractures and another on osteomyelitis which 
could also have been advantageously combined. Why a chapter on penicillin and the 
general practitioner was included is difficult to understand, particularly because of its 
sketchy character and the fact that practically all of the material is covered in other 
chapters. 

While references to the literature of American contributions to penicillin are not 
slighted, the value of the book from the reference standpoint is sharply limited. Thus, 
the chapters on penicillin in the treatment of chest infections and on the treatment of 
brain and meningeal infections have no references at all, those on methods of adminis- 
tration and on orthopaedic surgery and fractures have but one each, that on the chemistry 
and manufacture of penicillin only two, and that on hand infections only three. 
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Modern Development of Chemotherapy. By EF. Havinga, H. W. Julius, H. Veldstra, and 
K. C. Winkler. Elsevier Pub. Co., Amsterdam-New York, 1946. Price $3.50. Paper 
with 175 pages. 


In spite of the ever-growing burden of oppression and starvation in Holland due to 
the recent war, research was continued intensively in all directions. Some of the results 
were published in Dutch periodicals but most of them, for obvious reasons, were kept a 
secret during the war. The present monograph is one of a series summarizing this research 
work in different fields now being published, with the hope that they will further intensify 
the interest shown by the allied nations in the Netherlands and the whole-hearted prepared- 
ness of this courageous nation to contribute to the progress of mankind. 


The present monograph clearly and concisely summarizes the investigations of 
Havinga and Veldstra in Amsterdam and of Julius and Winkler in Utrecht on the follow- 
ing: The mechanism of action of the sulfonamide compounds and p-aminobenzoic acid; 
chemical investigations on the synthesis and activity of sulfonamide derivatives and of 
related compounds; pharmacological, immunological, and clinical investigations on sulfon- 
amide compounds; as well as a brief chapter bearing upon investigations on antibiotic 
agents in mycotherapy, with special reference to expansine. Foreign literature is referred 
to only in so far as it has a direct bearing on the Dutch research work. 


JoHN A. Koumer, M.D. 


Renal Hypertension. By Eduardo Braun-Menendez, Juan Carlos Fasciolo, Luis F, Leloir, 
Juan M. Munoz, and Alberto C. Taquini, Institute of Physiology, Faculty of Medical 
Sciences, and Institute of Cardiology, V. F. Greg Foundation, Buenos Aires, Argentina. 
Translated by Lewis Dexter, M.D., Harvard Medical School and Peter Bent Brigham 
Hospital, Boston, Mass. Charles C Thomas, Publisher, Springfield, Ill., 1946. Price 
$6.75. Cloth with 451 pages. 


The authors’ purpose is to describe and evaluate studies in experimental hypertension 
made during the past fifteen years. Topics such as the production of hypertension in ani- 
mals, the renal vasopressor system, the roles endocrine and nervous influences play, and 
the possible correlations with hypertension in human beings are considered at length. An 
excellent bibliography follows. 


The reviewer does not believe that present evidence justifies the strong views ad- 
vanced by the authors on many points. 

Thus, renal ischemia is apparently accepted as the initiating and common factor in 
experimental, renal, and clinical hypertension, although a close reading of the text shows 
no thoroughgoing proof of the assumption but a good deal of evidence to the contrary. 
The morphologic evidence that early in the disease hypertensive renal arteriolar sclerosis 
is often absent is disregarded, so the facts are whipped into a sort of ischemic party line. 
The authors subscribe to the notion that angiotonin (hypertensin) is the cause of the rise 
of arterial pressure in experimental and clinical hypertension. In so doing they neces- 
sarily underemphasize the failure to demonstrate such @ substance in the blood of hyperten- 
sive dogs or human beings. 

Examples can be multiplied and only serve to show that this field of investigation 
is far from static. Since the authors’ assurance is not shared by most investigators, their 
statements might well mislead those introduced to the subject by a reading of this book. 
Expression of emotional preferences perhaps too often occurs for writing of this sort. 

The book is well made and the translation good. It is recommended as a reference text 
for those engaged in the study of experimental renal hypertension. 

Ropert BircHALL. 
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Peripheral Vascular Diseases. By Edgar V. Allen, B.S., M.A., M.D., M.S. in Medicine, 
F.A.C.P., Division of Medicine, Mayo Clinic, Associate Professor of Medicine, Mayo 
Foundation, Graduate School, University of Minnesota, Diplomate of the American 
Board of Internal Medicine; Nelson W. Barker, B.A., M.D., M.S. in Medicine, F.A.C.P., 
Division of Medicine, Mayo Clinic, Associate Professor of Medicine, Mayo Foundation, 
Graduate School, University of Minnesota, Diplomate of the American Board of Internal 
Medicine; and Edgar A. Hines, Jr., M.D., B.S, M.A., M.S. in Medicine, F.A.C.P., 
Division of Medicine, Mayo Clinic, Associate Professor of Medicine, Mayo Foundation, 
Graduate School, University of Minnesota; with Associates in the Mayo Clinic and Mayo 
Foundation. W. B. Saunders Company, Philadelphia, 1946. Price $10.00. Cloth with 
871 pages and 386 illustrations. 


This book is by far the most extensive on peripheral vascular disease which has been 
published. There is a thorough review of what is known of disease affecting peripheral 
arteries, veins, and lymphatics. However, hypertension and vascular diseases of the central 
nervous system have not been treated because they are considered as special subjects and are 
beyond the scope of the present work. 

Well-documented pathologic and clinical descriptions, supplemented by discussions of 
pathologic physiology, are offered for eaeh vascular disease. Chapters on nailfold capillaries, 
the physiologic significance of sweating, the scalenus anticus syndrome, glomus tumors, and 
others were contributed by other authors. These chapters broaden the entire work. The 
surgical treatment of certain peripheral vascular diseases is considered in the final chapter. 
The medical treatment of such disorders is extensively reviewed. In the preface the authors 
stated that they would not hesitate to express their own opinions, particularly regarding con- 
troversial points of therapy. In what is largely an impartial review of this subject, it seems 
that their reasons for rejecting certain forms of treatment are usually made clear. 

The book will largely fulfill its two goals, to aid the physician and student in the study 


and care of patients with peripheral vascular disease and to emphasize that ‘‘there remains a 
yast and fruitful field for research in peripheral vascular diseases. 
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JOHN R. SMITH. 





